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PAffB LINE 

15 — ^from bottom, for atoms tend moleculesL 

24 — 15, after arc read so, 

45-— 4, for ratioDalia read rationale* 

69 — 5> for molecule read molecule?* 
. 90— 18, /or examined r^aiJ measured. , 

92— 14, after measures read of sulphurous acid gas. 
116 — 7f ffter nitrous read gas, and dele gas at the end 

of the next line. 
llg — i6y for simple state read uncombined state. 
149— 9, for as it does on the metals read as the metals do. 
■ Note at foot of the page, for Iroz, read Ros. 
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In the years 1787, 8, 9i 90i. a.very.^ 
Tnemprable and. interpsting controversy; 
was, maintained, between the 3t;pporte,rs of 
the ; phlogistic and. anti-phlqgistic doc- 
trine. Lavoisier^ the father of the anti- 
phlogli^Uc doctrine, and a. very few. follow- 
ers who ^Y^re confined tp France^. Cfmsiir 
dered' ippst inflaiT^inablQ s^ubstahjpes a?, 
simple bodie?. The phlogistiaps, on the 
other liand,si|ppos?d th^^ to consist oF 
a certain base, and phlogiston, of an in^ 
• flammable principle. The ancient phto^. 
gistjans.had no conception of the nature 
qf their inflammable principle ; but., spj 
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soon as hydrogen was discovered, the mo- 
dern phlo^ti&ijl ^sdDpt^ iraS^ the real 
phlogiston, and according to their doc- 
trine this was the cause, by its intimate 
union, of the combustibility of all bodies 
thaS were' cajH^aBIte of btirfiin^= 6i linitfdg 
to oxygen. Lavoisier insisted that oxygen 
united to metals, phosphorus, sulphur, 
charcoal, &c. from its Attraction to them 
as simple bodies, and that the supposition 
of their containing hydrogen was erro- 
neous. 

He made tnany expenmehts to support 
ni6 aoctnne, (me of wnicu I shalT mention 
as sumcient tpr the present. He connued 
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the purpose, and exposed Ine mercirfiry t6 
the heat of 700 of Fanrenneit: m time 
tne whole of the oxygfin united to tne 
mercury, and (Jonvetted it mto a red oxi.ae 
which weighed more than the mercury in 
Its simple metallic state : this additional 
weight corresponded witli tile weight or 
-^he oxygen absorbed. When this oxide 
was exposed to a* red heat, the whole of 
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we oxygen was expelled in its gaseous 
state, without any change whatever, and' 
the mercury was reduced to its nictalJic- 
lustre and fluidity. This and many similac j 
facts convinced Lavoisier that the agency^J 
of a third body, such as phlogiston, wa91| 
fallacious and unnecessary, as the facta 
could be better explained without it. 



'Tfie phlOgistians denied these posi*'^ 
irons : they explained the process in the, 
following manner. The oxygen united to 
the phlogiston and to the metallic basis 
conjointly, in a low degree of heat ; and, 
in a higher degree, the oxygen was ex- 
pelled, while the phlogiston was retaine 
by the metal so as to recover its melaUid 
lustre.* At this time the phlogistiana' 
would not allow water to be composed o#J 
oxygen and hydrogen. According to Dr.'i 
Priestley, the water produced, when thosft 

It^'es were united, was what they contained ^ 
ore thejr union- or condensation, and 
: 
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tbat the componnd which they formed 
was an acid. 

These circumstances le4 me to enquire, 
very minutely, and upon new principles, 
ipto both doctrines at this critical period, 
and the work which I published on the. 
subject was entitled " A comparative view 
of the phlogistic and ahti-phlogistic the- 
Qj;ies/' The followingf quotation from the 
preface of that work will give a. clear idea 
qF the nature of the controversy. 

" The present controversy between the. 
philosophers of the day rests upon the 
following questions. 1st, Is water com- 
posed of oxygen and hydrogen ?. 2d, Does 
the union of oj^ygen to different ^bodies 
depend upon one r inflammable principle, 
common to all combustible bodies ? Or, 
in other words, do all. bodies that bum or 
oxydate, such as* charcoal, sulphur, phos- 
phorus, metals, azote, &c« contain the 
matter of hydrogen as one of their consti- 
tueirt principles ? Onfe'^ould suppose if 
thes^, substances w^re composed of two 
elementary principles, namely, peculiar 



bases, and hydrogen in a soli4 state, lliat 
it would be no difficult matter to separate 
them, more esjjecially when we consider 
the great attraction of the matter of hy- 
drogen for caloric. Yet the ]jhU>gistians 
have not been able to accomplish this : 
Therefore the only ground tlk'y have to 
rest their hypothesis upon is, tliat these 
bodies unite to oxygen : according to this 
philosophy oxygen has the property of 
uniting but to one substance iu nature, 
caloric excepted 1 



K' " If the above inflammable substances 
■ were simple elen^ehtary bodies, or even 
compounds free from hydrogen or phlo- 
giston, the anti-phlogistians cannot do 
any more than what they have already 
done ; for instance', suppose sulphur or 
charcoal were decomposed into two prin- 
ciples, eithet- gases or solids, diH'erciit iu 
their nature from any otiier substances 
ivith which we are dt present acquainted, 
the phlogistians might still insist that they 
, contained phlogiston (liydrogen) if they 
even were the most simple bodfcs in 



nsature,} provided th9y)ip0S«e8$e<l ^the^ppR)^ 
)perty of juftitiBig to 0t3rgen, 

:** -The an tif-ptilogistiaDSy therefore^ in 
ot^er to establish'' the tFutb ofrtbeir/doc- 
trioe, h^ve tp^ prove the non-sexistence tof 

^ substance in bodies' whose^ preseiice,ias 
ode of their coDStitueats, has not hitherto 

'^1>een asciertained, On this difiSLculty the 

.phlegistic theory sieauis to fest add rtp 

. maintain itsqlf. 

" Thus seeing upon what principles 

thi6 antagonist tbep^isits maintained) their 

.different doctrines, in order to . acconpiplish 

any thing decisive, I was obliged to. have 

, 'Recourse. to a mode of philosophisidg, quite 

,ip©y^l in tiie science of chemistry,* I 

; have introduced several diagrams in.or^er 

to Tender the nature of my investigations 

,the more intcUigible : I considered this 

,tbe surest mode of r4pasonmg^and the most 

fofiectual means of establishing. truth and 

., removing errors/' 



* This alludes to the Atomic theory. 
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land aod.Ltajy, ;and,alsQ jnQst of; Xho9Q, pf 

France, were phlogistians. Under these 

f JLfCuin|s!t^nc^8,,. a. yery ^.^vng; nj.an, sjach I 

S^.^Sf^^^ rtb.^t, |tAme,,H^glj^T^eir, |?e. s,y ^po.??d 

„to ;^ejii^^id?itffd, .a»,d ^f^^^n, clete^i;ed 

from offering an opinion on the sii.bj;ect pf 

chemical philosophy ; however the new 

.,yj^ws jj^hijqh J Ii,fprtun^teily .lad^pted fur- 
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•» ^'Th^foHowing extract from A letter I reeeiv«d from 
aPn.ft^fi9C« !|ill;fjiew t*eic^t«;>of jcjifipiijal theorj at^Oiis 
period : — 

*• Oxfari, lOth of April, 1789- 
" Dear Sir, 

M^.f.r Fsfaali be-glad to see your- book, 

, though I hope you have not taken Lavoisier's side of the 
^iiesti(Onj, or else nkv^ defended it by arguments totally un- 
like any thing that has yet appeared. Dr. Priestley's late ad^ 
..mirable expenments have in my opipion totally overset 9iat 
5|<Ktjjpiie. and ^je^stabUsne^ u^ of phlogiston. 

V« Yours faithfully, 

" THOS. BEDDOES.'^ 
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1 was very well aware of tlie impoip- 
tahce as well as of the difflcultj- oF thfe 
laSTc which I pWposed to Aiyself. 1 had 
to Irame a neW^ system of investigation, ih 
order to ex|>l6i-e tiV-o doctrines that were, 
at the titoe, doubtfal and absttuse/ 

1 own it c»st me itiany weeks, nay^ 
Inany Inonths of anxious meditation aild 
study, beforfe hay plap was perfectly 
formed. 

hi length it octturt^d to me thit chfe- 
knical attraction only prevailed between 
the ultimate particles of simple elemeh^ 
tary matter^ and also between compound 
atoms.* The play of chemical affinities 
between those divisions wet-e therefote 
only to be attended to. 



* Id xas ** Comparative View'' the term viiiptate partkie 
meaxis the last division of elementary matter, and the term 
mokcule the last division of a chemical ^coniponnd. . l.wm 
adopt for the latter the term atom, and for i^ more compU- 
cate compound that of molecule* ^l^is makes no difierehcti 
hi the system. ' 



These co^iderations gave birth to thit 
'doctrihe which Mr. Dalton, eighteen years 
after I had written, claimed aS originatinjg 
from his own inventive genius. What hife 
pretenisidns are, xVill be Sfeen from the 
'ftketchies which ^Vill soon folk>\r, add Whicli 
have been taken from my book; 

In the Application of riiy systeni 16 
cheniical theory, I expressed by numbeb 
the relative force's of attraction subsisting 
tetetween the diflfererit kinds of ultim^'te 
]^artifcleS and atbms of matter to each 
other. This Was of infinite iise to me 
during my researches, and if followed up 
would mature the Science into thAt inathe- 
knatical precii^ion in which it is at jpres'eht 
deficient. 

This I <^oni»ideir as one of the most im-i 
jportant features of the system : it has not 
teveh been mentioned by Mr; DaltOn in 
his work, and when he repeats experiments 
formerly made by me, he does not eveil 
jglanice at the sdiirce froih whence he de^ 
rived his itiforniation. 



. j;lirec^)y , sjjij , th^t , Air. .%l)«n ; ^s jl j pjj^j- 

,jy^t it;^|)p^^j:s ^jitraqifiiin^y. t\^^t,a.^,p^x^qn 
i9f -Mt. ,D,al^n;s ^iadf^.try ,^d J^affliNgg 
should neglect pfle ,pf.^ttnq.f(ew,vs:pjiks.,1^t 
were expressly written on the subject of 
,$h9p]ry. At. t^e tjiJ^^fle..it^T)ri»s„pub4^(5hed, 

^^0,4; jt, ,T^as .!dj^^pTipqpal,w^j*ns.p(,piftlt|Rg 
,^,jqiVd '^\o 4lie.,c9J3ttJfPirf|rsy ,,>l;^y,„9i- 
^i[\;w}ed,M , wUich^,ptlj^j:wi?ep,q[yg^tf^pt^e 

J\ i^,»pt, ipy 4lJJ[;elltio4^f*tJP^fSWt»,^]l^- 
,.{^JeI;4ni^y.Jl^ppe^|iJ^^;eajGu^,;4p.;q(^ep^.ppy 
own errors, or to mend such a$,fx!^yj^\\ 
to the lot of Mr. Dal ton, e^^cept in a few 
.,i^s^aces.f^^re..,yi?e^4ii|prf,jnj prppwtion, 

,^s ^o,(t|M.c;^»ftsjti.t*Jep^ p»^nq4pi^S;,ofr;per(t^n 
„ jCp^^^Pfid/fc ^y «9l^, Rllj^t ^s^po ,^m 

t 
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mate particles of fij^ijj^^yf |^tfter„.by 
means of symbols, and atoms are repre- 



nied in the same way with the proportiun 
[ of their elementary constitiietits. 

^^^K^iThese signs correspond .with my dia- 
^^Jgrams, except that numbtjn, Cipvessive of 
the relative force of attraction, are left 
out. Those symbols, I own, shew some 
ingeniiit}" : they are, excepting the omis- 
sion of numbers, preferable to. my dia- 
grams. Tliis can only be conwdered la 
mechanical improvement. Definite; pro- 
portions are also represented by those 
symbols, and the same is strictly attended 
to by my diagrams. Specimens of both 
■ will be exhibited hereafter. The relative 
weights of the different particles of ele- 
mentary matter, that of hydrogen: ^beieg 
a standani, have also been giver* by. Mr. 
Daltuii- 1 have done- the same iqi many 
iostwnces. After this the rei&tive-weight 
of compound atoms could readily be con- 
ceived, and Mr. Dalton has extended this.' 
to saline substances. Here indeed many, 
obstacles which have not as yet been re- ' 
luoved, stand iu the way: the principal . 
one is, the great attraction of saline sub- 
wi^Umces to w^ter, which must interfere v/ifh 




12 

the estimate deduced from the weight of 
, their respective ultimate particles. 

I will alloW that the relative weight of 
the ultimate Articles of metals might be 
iiiferred from the additional weight whicih 
they acquire by calcination;, when the tope- 
ration is performed by heat and exposure 
to air ; bat in oVder to this the degree of 
oxydation 'should fee accurately ascet- 
tajnied^ 

ft , 

\ , . ' . ^ . • ■ 

ketals, like all the t^sl 6f the solid 
-and fluid materials of the globe, consist bf 
J>artfeles, Xvhich, whett separated frobi each 
tothef, are invisibTe, indivisible, and un- 
alterable in tlieilr size or ^hape, whatever 
that ntay be, as Sir Iftattc Newton first 
observed. TheSe itltimatte divisions are 
held together by the Aggregate Httraction, 
^nd although dppal'ently in coiiiplele con- 
tact, they are not so in teality, arid pro- 
bably in proportion to their diameters 
- their distance frtorti feAth pther is very con- 
• wder^ble. We feave evety reason to sup- 
pose^ that the ultimate particles of fevery 
'^ JsulDstaiice to ttature possess the sattitf spe- 
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cific gravity, and that the difference in the 
weight of ipQtals depends upon the dis- 
tance of their respective ultimate partides 
from 6ach other.* However this may be, 
no doubt the diameters of the particles of , 
differept bodies are not the same, and their 
weight is in proportion to their size. 
Ev^ry ultimate particle of a metal is sur- 
rounded with a small al thou fijh dense at* 
mosphere of caloric, together with a small 
pprtipn of the electric or some other sub- 
tile fluid.+ 

• • • . * 

when metals are presented under fa-: 
yourable circumstances to bodies that 
have a strong chemical affinity to their 
ultimate particles, those partjcles cpipe 
into action independent of each other in, 
the aggregate : they act as separate iiidi- " 
viduals, as has been denionstrated in many 
cases, in my Comp. View ; for instance, 
when a metal, in a temperature sufficient 



> i ■ ■ « i ^' i I 



* This I have shewn tp he the case in respect to some 
gases. — See pages 14, 15, of my Comparative View, 

f See page 14, Comp. View. 
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to! diinihisli its aggregatjB attraction,. 15 
exposed to oxygen gas, eacK partjiclfe^wiH 
enter into, union witjt one, two, or more 
partiples of oxjgen, according tO the na* 
ture ortlie metaloperatiBd'qpoq, for dif- 
ferent rnqtaFs unite with different dbses of 
oxygen. If an ultimate partic^le of ^^ 
metaV is only capable of uniting but to av 
$ingre ultimate particle of pxygen, tljid ag- 
gregate inass of thie atomjs of sqch axidfe 
are unable to influence any mote^oxygeni 
This seems to be a general law throughout 
the whole system of chemistry ; even when 
two atoms unite, the conipdund 'becomes 
surrounded with one common atmosphere 
of calbric^ and rejects a third atoin of 
citliier of its constituents. In short, there 
is' a limit to the proportions in which tl^e 
particVes of elementary matter^ as welt a& 
those of atoniis, unijte, which thie old chie- 
miati expressed by the term saturatiqn, 
and the modern ones by that of definite 
proportions^ The former having no know- 
ledge of the atomic system, could not ex- 
tend their ideas on this subject beyond 
gross volumes. 



m 



ft is'rittt '^asy tb^ a^c^aiiihVhieifl'd me- 
tM'ir'^afllt^ed with' osfygeijj fb¥' iJP that' 
saturation shdur<iF''b4^1ibff^d- by thb uAioiI 
of an ultimate particle of the one with an 
Uitftfittt^'^tttifeTof- tlie^HTier, sous fe'form 
* bliiittf atb'tav lAttt^Hlc^ plar.t?cfe)s- irtJ^ 
l5^'rfilk§dJw^i(h*stf6K alf o'xid^j ibr tJiefpiafi.' 
tSete^oToaf^^lPx^itiitiot divide i^el<f^, iti:a!& 
<miji mniAii Sim6\m id oii& p^EHtitl^' of 

JVI^S>, \«ioSi^'jJd^8feldi> aV^ capaftlefdf 
flhitkign^ iWb df oiyg^,' daw havdiro 
dftrfflHib {jirtfdiei'ttfijied ivitti'thd* oitde^i 
yitfK'iS'Jfbs^bli^ to hate thetoi' totttpt)sed 
off tdi^^iyatid Wfaa^y atoms mtfcfenTrtiHy 
flllkdtf,' fdr thfe bltikry-, rn drdyt to bfetoiii^ 
tijftifer^, c^tiiidt dept'lve th^ Isltter atdm^ of 
ifhy^ 6f itsr orygisn^6 aistd l^ave if in 4 
binary slilte.- 

A'midtaf WhfchTittites to thtec portions 
afdxf^ii'; ntay al^d hav^ its oxide mixed 
M tW6 diffy^ttt stdtes of oXydatidri. It 
iiiS^t cbh^i of tfernary and quaterhai'y 
4tbhi9. ^{itary sttoms cannot exist in 
dttt\JEtct \fritib' tHc^ Tatter. 
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* 

Those important chemical laws, were 
first, demonstrated in my Comp^rativje., 
View. (See pages 136, 137r), ;. 

*• . 

From tlie foregoing considerations it 
is not an easy matter to ascertain wliep a. 
metal is perfectly oxydated in. the bands, 
of the most experienced operator^ Hence 
it is difficult to ascertain the relative* 
weight of an ultimate particle of a vii^paAt, 
from the additional weight a given quan- 
tity of a metal acquires, by oi^.dation. 
Besides, moisture is absorbed during the 
process of calcination, which must increase 
the difficulty. Yet it must be allowed to 
be the most effectual mode of any to. ap- 
proximate towards accuracy. I.was thq 
first who attempted to ascertain the rela- 
tive weights of the ultiniate particles, of 
matter, as shall be proved hereafter. 

« 

The foregoinof short statement will, t 
presume, prepare my reader for. the.evi7 
dcnccs which will soon follow. I have 
read Mr. Dalton's " New System of Cher 
ftiical Philosophy,*' as he calls it, with 
great attention ; and also my "Com para- 



it 

tive View/' for the first time thfe last twenty 
years, and I cannot discover any improve- 
inent iiiade in riiy doctrine, except what 
tnight reasonably be Expected frota anjr 
ingenious compiler, who had carefully pe- 
rused ifly book. The! nature of those im- 
provements, such as' they are, has been 
enunfierated in the foregoing pages. 

The atomic doctrine has been applied 
by me in abstruse and difficult researches. 
Its application by Mr. Dalton has been in 
a general strid poptjlair wa(y, and rt is from 
there cifcamStarices alone that it gained 
the name of Daltonf's Theory. Mr. Dal- 
ton'$ work is fead ; mine had been laid 
aiside as soon as the controversy, which 
gave rise to it, Ceased; and at that time 
th^ theory in* qaestiop was not understood, 
hor did I expect it would for a consider- 
able tiriie. I calculated upOn the middle 
of the present century. Probably it would 
have lain hy since if it had not been for 
th« genius and industry of Mr. Daltoti. * 

\As it is nearly fife years srince the first 
p«t of Mr. Dalton's " New S^jrstem'' apr 
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.peared, it mrght he askeJ wby I had not 
t^ken, uotice of.it sooner; I will onlj saj 
that it is with muqh reluetanee I do so 
x^ow ,at the recjucst of aome scientific 
frieadis. JRe^idee, J. had it in contGnipla- 
tion, for some yenrs past, to publish a 
system of chemisftry on a new arrange- 
ment, \yhich J nm now determined upon. 
In such a work I thought my claim to the 
mj^w JSjf^tem would appear less pointed, and 
wifeb .more grace. 

"I hare shewn in my Conipar. View, 
tb;at Siimple elemcatary ^particles, whether 
iu B ioHd or g^eous .state, ^governed a 
ice^tain ^guaatityof cadoric whiqh .formed 
,8« atmosphere ,rAund thpm, aomewlxaft ^i- 
miliir in iStruciure to the. 2^tn>ospb ere which 
' wwrpuiid^ fOur.glph^.;,;and aLsto .jthat prq- 
„bably .the, caloric was apootqi^piajiieci f^it|i .^ 
.iceift;*ia-^rtion of aleclricijty, as bas bfceu 
talr^a4y alluded «to. ^ 

* ' • • • . ^ . 

-CadiH-rcythufs, attached ^o^ihe^parljicX^s, 

comes under the denomination of specific 

* b0at,. (and is ^n all .probability ochenucally 

united* ^ -haw «v/Bry v reaigon it/p ^jjgp^e 



\ 



so, as it is as latent ns an acid in sul^phate 
of soda^ or an alkali an nitre. 

*^ 

The ultimate particles of different kinds 
of matter, whether in a solid or gaseous 
state, *do ,iiot retain ithe same quantity of 
oaloric in their riea^ective atmospheres. 
This probably is occasioned by their dif- 
ferent forces of attraction to it. Those 
.particles which attract caloric with most 
ibrce^ are surrounded with more of it^ in 
a less space than those .panicles that at^ 
tract it with a snoaUer foipce. 

No^oubt th€! a^e^e alttraction of 
the particles tberaseWes^ particularly in 
solids^ diminishes the Quantity o£ caloric 
which they otftietwise woiild have in&i- 
enced : this has been, ascertained by va- 
:riox)s facits* 

That substances, of the same degree 
of -eondensatton and iemperaturej i^ontain 
different quantities of caloric, has been 
proved : this had bee« attributed, long 
before the nature df the union of caloric 

c3 
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to bodies was known, (o their rielalive at- 
pacities for it^ and the expression is sIfU 
applicable. 

When two ultimate particles unite che- 
mically, their individuality is destroyed, 
and they form one solid atom whose ca- 
pacity for caloric is less than its consti- 
tuents in a detached or simple state;* 
hence it is that Calorie is liberated by 
chemical union. These atoms however 
retain a ^i^icient quantity of caloric to 
furnish them with atmospheres. . 

^hen two atoms onke' chemically, the 
-GompoU'nd m<?lecule governs still less ca- 
loric than its constituent atonis^ yet it rs 
•nveloped with Ofti atmosphere. 

Molecules of this kind are as distinct 
from each other, or as insulated in conse- 



« . ! 
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*■ I liave^ addoced some exceptions to this general law 
iti my Comp. View, in treating on the subject of nitrous 
acid, as shall be shewn hereafter. 
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quence of their respective atmospheres, 
as ejtlier ukimate particles or atom^. 

Molecules set bounds to chemical 
combination, for here it almost invariably 
stops. Moleeules of different kinds mix 
mechanically, or produce xlecomposition 
a«d new ibrmations^. :^ 

• •* . . 

We may distinguish theee different 
compounds from each other by the terms, 
single and double compounds, and the 
latter, with few exceptions, contain less 
caloric than the former, 

Many ingenious experiments have been 
made to ascertain the specific heat of ho- 
llies ; that is, the whole quantity of caloric 
contained in a given weight or bulk of 
substances ; 3'et 1 must own I havo never 
felt convinced of the accuracy of their 
result, or rather of the inference deduced 
from them. 

It is not my intention to enter here oa 
so important a discussion which would 
require a whole volume to itself; my ob- 
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ject at present, im addition to that already, 
related, is to give ^ cursory view of che* 
mical theories in general, but particularly 
of the atomic system » 

It is i^ipossifets to deprive any subt 
tanceol()tha wihole of its caloric, althougl^ 
jnuch of it may he extracted- hy meapii; 
iOf artificial cold- The degree of cold that 
is capable of depriving an ultimate par? 
ticle^ QT att abcmi» or molecule, of one 
tenth of thftip caloric^ ' must probably; re^^ 
quire mopo tl^an twice the d^nee of cold 
to separate two lenths^aiKl sq on progr^s^^ 
sively ; for in proportion as caloric is 
taken awayt vhat rpm^ins, is retained with 
the greater force. This l^w has been, de- 
nwpnstrated in ray Gompairative View, (Sea 
page 41.) In short, this doctrine peiail« 
throughout tlie whole o0 that wprJ?, and 
ini tmny imtances: it has b^ea there e^-? 
preswd by numbers. l! do not mtimato^ 
that this doctrine delated to caloric : | 
confined myself to the atoms and ultimate 
particles of pondenable matter t. the same 
\\x\T hq waiver holds, equally gciod in. eithc^t* 
eaise, ^ 
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T^\& i^W i\i^V xiltixtr^Ve particles df 
rtiarttfe!^ Mrhfidi' arte' sd^ erce^jcfingl^ miiiUtte 
^AV t)^& txt(Ak!e[i\i^ ftseJlf, \irtiich^ con»stk of 
rtiarty* oP riierti, is iiiyisibfe; e\'en by tbfc 
'lfcfpn>f itti(?roscop€i^, sbt)uid"be surrduttdbd 
-witii'an'stttttoafphjerte of cslbriicr^, might ap- 
•peacr tort' Hypdthetifcai And' fanciflii' tb 
m«tip ' W b at arir tfte plahie ts iit on r sy*^ 
tem, \v4littli' we- consrdet^ wofldfe;, but' small 
molecules in comparison to tbe imnciense 
spatrcib Whidi tiiey rttore ?' Tjiey are aJl 
«tiitoundetf i«^itH's«teo' kind' of mattfir, and 
pfrtrbabljr tbik matter, irhdtfeVerit may be, 
it^a-great sii^asure prevents their dotriing 
intb' cbtttkrit; at the same time that; it 
presses ttiem- tb^ards eath other; Migfit 
fiotahe projeictilb and^TOtaiory motion of 
the plkiiet^' be prodiuced aud' preserved 
by the unceasing action of this subtile 
matter ? Had Sir Isaac Newton been 
perfectly actjtrainted with tbe laws, of 
elettricity^ add caloric, at the time lie had 
•writteft hfe Priiicipia, very likely his pliilb- 
sopby woul'drhave tkken a different tiirn. 

* 

Our own planet is surrounded' with an 
atmosphere, but the materials of which it 
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consists are terrestrial, for o:j^ygen eonstiy 
tutes a great part of th.e solid masses of 
pur globe, such aij the earths and w^ter 
(ice); and a^ote ^Iso exists in a so}id state, 
pnited tQ certain bpdies. Qur globe ao^ 
that atmpsphere may be encjrcled with ^ 
still more subtile fluid, so as tp form 4P 
i^tmosphere that extends to the copfipisjs 
of that of it9 nejglibouring planets. 

The ultimate parlicles qf ponderabljp 
flatter are exceedingly minute, but thosp 
pf imponderal;>lp elements, such as calorip, 
electricity, and light, ^re beyoqd pajcja- 
lation. Thp qtmpst stretch of t|ie hnma^ 
mind cap no more estimate the size of 
those particles than it can measure spacp 
and duratioq. Howeyef, their divisibility 
is limited* 

Probably a sipgle ultimate particle pf 
caloric bears the sanie p^roportion, in its 
sige and weight, to a particle pf oxygep, 
as the latter does to pur globe: hencp 
arises the impossibility of ascertaining thp 
weight of that element. 
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■FroHQ the foregoing considerations we 
jcan readily conceiv.e the nature and strucr 
lure of the calorific atmospheres which 
^re influenced by particles, atoms, or 
piolepules^ of ponderable matter. 

The quantity of icalpric in gases is Vicry 
considerable, particularly ip those whiclj 
are uncompouade(jl. 

Solids also contain a prodigipus quanr 
tity of paloric, as mjay be shewn by deflar 
grating together nitre, brimstone, and 
crude antimony, reduced to powdei*, and 
intimately mixed, T|ie ijitensity of thp 
heat, and brilliancy of the light, produced- 
in this way, are dazzling to the sight. The 
greater part of this caloric exists in thp 
nitre. Jf the quantity pf calojric contained 
i^ apy soli(i substance were accumulated 
upon another pf the sanje bulk and temr 
perature, thejieat produced would be very 
great ; for instance, if the caloric of ice 
were transferred to the same bulk of cast 
iron, ijt would be more than su^cient to 
effec^ its fusion. 
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There are only three ways of setting 
free any iquantity of specific heat contained 
in bodies: the first is by chemical action ; 
the 'second, by pi^essure on gases, or by 
hammering malleable metals so as tt> ap*- 
proximate their ultimate particles. The 
third; at)d last; is accomplished* by means 
of erectricity in thestatie of a certain de- 
gree of accumulation and density. This 
I only offer as a mere hypothesis^ for the 
present, alihougJr w*«U'-known fkcts tend 
ttr support my opinioiji 

By stt^ng electric sparks gunpon^dfer 
aud alkohol are inflamed. This inflam- 
mation is occasioned by caloric which is 
disenrgaged froni these substances, or from 
the air in contact with them. Smali^ me- 
\sM\c wires are also ignited and ftised by 
ia strong electric battery; and it frequently 
happens that by the same means silwr 
and gold wires are dissipated into very 
minute divisions and converted into 
oxides. This I conceive to arise from a 
rapid dislodgment of the specific heat of 
the metals by the electric matter. Upon 
a similar principle it is, that small wires 



pktioiav copper, iiioB, &^c. are igoileA 
fosed hy a st«]ongi voltaic bgitteny, par^ 
jfcicu/lflLriy that coid posed of broad* platesJ^ 
Wheii) a< plfaLtina. vyireysufiiciearihr' thick tqj 
peshb fti9tonv is usad,, the* gloiy;^ of heat.and^ 
ligiit pro4«ced is; exjtje^iiiglj} bright.. Thp 
^ earner €ffmt is produced whea charcoal ia 
naoda usei <^. TliiQse Wil]&i>a4; pbenaaomiQf 
are dflfected. b?y tha s^xecific caioric of 
those $uhstan<:jers^ which ir diseiig^ged^ iil 
a free state from their particles by the su- 
pwmc influence of tb$3: dectiiic matter 
Tfiubhi occupies; itS' placO diping its pra^ 
sencis^ I'hese phenomena are produced 
in v^acuo. with eqiual blilliaitcj] ^s ini ot^jh 
genrgasi 

M$i the heat, thfls piroduced wili cob^* 
tinuior while the: battery act& mtk ^f^iieient 
n^ 9nd: as there mast) be ai consfcai^t 



* Tb^ ordet of tbe fusibility of inetab by €&p6»iire to 
it io. t)ie conanon w^y, is sooiewbat reversed' when tke 
^iectric fluid is luade the medium of fusion. This circum- 
«t:mce is fevourablc to ray liypothwis, for in tWs latter case 
"^beiv fosibitlly dfependif upon tlie quaotlily: o£ specij^c t:a2oric 
^hich they respectively coatain. 
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waste of the specific heat of both the 
charcoal and metallic wires, this doctrine 
may appear defective. If it be allowed 
that the electric fluid is capable of disen- 
gaging specific lleat on the principles 
which have been adduced^ it must also 
possess the power of urging on, during ita 
passage, through the battery and conduc- 
tors, a sufficiency of caloric to supply the 
waste occasioned by the ignition. 

M 

Wheti oxygen and hydrogen are mixed, 
their ultimate particles, notwithstanding 
their chepiical attraction to each other, 
will not unite. This kind of neutrality 
does not proceed from the distance at 
which they are held by their caloric, but 
from the structure of the atmospheres 
which it forms round them, and which 
tend to preserve and press to their respec- 
tive centres their gravitating particles. 

When an electric spark is passed in 
this mixture of gases, it liberates the 
specific heat of that part which it meets 
in its passage from one conductor to the 
other; thus the atmospheres being des- 
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trayed, th*e gravitating particles unite, a$ 
meeting no resistance in a medium of 
uniform density : the caloric of that part 
of the gases condensed by means of the 
electric fluid produces a similar eflect 
upon the atmospheres of the other part 
of the mixture. This is effected with a 
velocity almost equal to the passage of 
the electric spark. The same effect i?s 
produced by a flint spark upon the same 
principle, that of blending the atmos^- 
pheres. Doctor Higgins was the first who 
advanced this ingenious doctrine in his 
excellent Treatise on Acetous Acid, a 
work which i^ shamefully passed over by 
modern writers on that subject, although 
his book was published when the natnre 
of that acid, so far as related W its in- 
ternal structure or constituents, was un- 
known to others. Dr. Higgins's idea of 
the modus operandi of the electric matter 
and mine are quite diffefent, even in this 
experiment. 

When a strong electric spark is passed 
in oxygen gas, of any other gas, a flash 
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6f ligbt is iproduced : this is occastoned 
by the liberatioD of a portion of the spe- 
cific heat, which fesutnes its former ststifcwi 
«5 soon 4IS ftie lE^neRej^ of the electric 
inatteris removed, which is instantaneous^ 

The eKpIostoDS produced on such oc** 
rftsioQS are the eflfects of expansion by the 
liberated caloric ai^d instantaneous ^b-^ 
'$orfyti(>n af it agatn by the panicles loff 
-the g^s, by which iiteans tlie gas becomes? 
.coiHknised to its or^mal din^nsionB. 

The &an*e effect is produced on the 
large scale of tnature. When the electric- 
city of a cloud passes to another doiid in 
a negative »tate, or to the earth, or from 
the eaytb to a clout! , a portion of the 
specific heat of the iuternrediaije air, in 
the direct line of its passage, is act :at 
liberty fi^ a niomeut. This :k the cauBje 
of thunder arid Kghtnii^g- W^hew ithis 

• 

operation takes place at a diiJtauce, we 
perceive the flash of light before wc hear 
the thuiider, in consequence of: the greater 
\celocity of light dhan that of ^ovyid. 
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The effects of lightniog in destroying 
edifices, fusing metals, setting fire to ior 
flammable bodies, and depriving amma^ 
of life, are explicable on the fore^ing 
principles. 

The brilliant phenomena of the au- 
rora borealis, in the upper regions of the 
atmosphere, are effected by electricity i» 
the same manner* 

By the help of 'this theory werare jeft- 
abled to account for those fiery meteors 
which occur so frequently in our atmos« 
,phiere. 

Those meteors move with great V:elo* 
city, partly in an horizontal direction, but 
* approaching |;radually towards the eartk 
When they reach within a certain dist^qqe 
of it, the phenomena of thunder and light-* 
uingare produced; ai^.at that moment 
they come down most frequently shattered 
into small masses with the effect of fusion 
on their surface, although their internal 
parts are quite ixee from any appearance 
of that J^ind. 
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t'tcttn the analyses of tne^e stotfes, it 
appears that they consist of iron in ife 
tnet^W'ic state, \t^ithout any determinate 
form, suvdW poflionsf of ntckd, oxide df 
iron^ and sulphur* 
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Th6 stone whidi fell iii the cdtiriiy of 
Tipperary, a few years ago, was^ found by 
my analysis* to consist of the same ingrfer- 
dicnts with others which had fallen oti 
different parts of the globe, according tcy 
tl)e analysis of Mr. Howard.' 

« 

As thoscf stones ar6' diflfereht ftotn aiYy 
mineral substance hitherto discovered oil 
our globe, wc must consider them as fo-. 
feigners. It is supposed by some that 
tlu^y never belongpd to any planet, an'd 
that th^y tveife opa(n[tie \Vafidertng masses 
bi*fore they retfched the confines of our 
atinoHpheW^ This, cei^taTrtlj^, is the most 
rational mode of accotrtitlrtg for fheir ei- 
intonro in the situation- in which ^Ve first 
hrholil them. 

However, my principal object is tV 
necuuut for their lununous appearance* 
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Those masses contain specific heat 
round their particles, like other bodies of 
similar nature. In moving through the 
atmosphere they collect electricity, and 
this continues increasing, as there is no 
other solid matter in those upper regions 
to prevent its accumulation. When they 
acquire a sufficient quantity of electric 
matter, a portion of their specific heat is 
liberated and thrown upon their surface : 
this gives the luminous appearance. As 
they are of an inflammable nature, a por- 
tion of oxygen unites to their external 
parts* The degree of heat occasioned by 
these different circumstances v^rill account 
for that superficial fused crust with which 
they a.re found invariably to be sur- 
.rounded. 

Those electric stones, in descending 
towards the earth, when they meet with 
a cloud comparatively negative, Jose their 
electricity, which, bursting forward with 
great vehemence, exhibits the phenomena 
of thunder and lightning: at the same 
time they are most commonly shattered 
into pieces. So soon as this takes place, 
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their luminous appearance ceases, and 
they are precipitated to the earth, still 
retaining a considerable degree of heat. 
The stone that fell in the county of Tip- 
perary could not be touched with the 
hand for some time after its descent. 

Thunder and lightning accompany 
volcanic eruptions ; particularly at their 
commencement. Although the electric 
matter alone is not sufficient to produce 
all the effects, yet it might be the primary 
cause. During the interval of volcanic 
eruptions, the electric fluid is gradually 
accumulating on the inflammable mate- 
rials (pyrites) and other substances which 
constitute the subterraneous strata whence 
the eruption issues; and when collected 
in a sufficient degree of concentration and 
density, specific heat is liberated ; this 
heat produces the chemical action of all 
the elementary principles in the whole 
mass. By these means a considerable 
degree of heat is produced, gases afe 
formed, and fixed substances are fused. 
The heat continue^s to increase, as there is 
nothing to carry it off, until the ertlptio^ 
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takes place, which is occasioned by the 
expansive force of red hot gases that burst 
a passage in the direction in which they 
meet with the least resistance, that is, to 
the surface of the earth. The liquid part, 
or lava, is also forced to the surface upon 
mechanical principles so obvious that I 
need not dwell on them at present. 

Violent earthquakes are also accom- 
panied with thunder and lightning at their 
immediate source : hence we are induced 
to attribute those convulsions of nature 
to the force of subterraneous electricity, 
on the same principle that concussions 
are produced in our atmosphere by the 
same element. 

The beat produced by friction, although 
it constantly takes place^ under various 
circumstances before our eyes, has not hi- 
therto been accounted for upon any ra- 
tional principle. It cannot be attributed 
to an union with oxygen gas, or to any 
chemical action of ponderable particles, 
us bad been shewn by Count Rum ford. 

o 2 
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This philosopher, being struck by the heat 
evolved by the friction of bodies, took a 
solid cylinder of iron, near 8 inches in 
diameter, and 9)8 inches long. In this 
cylinder a hole was bored 3,7 inches in 
diameter, and 7)2 inches in length. A 
blunt steel borer was introduced into this 
bole, which by means of horses was made 
to rub against its bottom with a consi- 
derable weight. The cylinder was wrapt 
round with flannel to keep in the heat, 
and it was turned round at the rate of 32 
times in a minute. At the beginning of 
the experiment the temperature of the 
cylinder was dO"" ; at the end of thirty 
minutes, when it had made 960 revolu- 
tions, its temperature was 130°. 

To prove that the caloric produced was 
not occasioned by the union of oxygen, 
Count Rumford enclosed the cylinder and 
borer in a wooden box filled with water so 
as to exclude the air. The quantity of 
water was 18,77 pints, and at the begin-^ 
ning of the experiment it stood at the 
temperature of dO''. After the cylinder 
revolved two hours and thirty minutes. 
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with the velocity already described, the 
water boiled. 

Whether the water was excluded, or 
allowed free access into the hole in the 
cylinder where the friction took place, the 
result of the experiment was the same. 

Mr. Pictet, of Geneva, made some 
experiments on thie friction of bodies in 
air, and in vacuo, without any difference 
as to effect. 

These facts led the above philosophers 
to suspect, that heat, like gravity, might 
be a mere property of common matter, 
and that it is produced by a peculiar vi- 
bration of their particles, more especially 
as there appeared no perceptible source 
from which, as a substance, it could pos- 
sibly be derived. 

Heat evolved by friction, however un- 
accountable and mysterious it may appear, 
is not sufficient to invalidate tlie doctrine 
of the materiality of caloric, being only a 
solitary fact opposed to thousands that 
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;end to establish its existence as an ele- 
sneutary substance. 

AVhen bodies unite chemically caloric 
:s given out : can this be effected by vi- 
bratory motion of the particles ? Were 
this the caise^ heat ought to be evolved 
during the solution of saline substances io 
water and acids« whereas cold is produced. 
The motion of the particles or atoms is 
the same ia both cases. When a bell is 
rung, all its particles are made to vibrate 
strongly, yet no heat is produced by ever 
so long a continuance of those vibrations. 
Should heat be produced by vibration of 
the piirticles of ponderable matter, it 
ought to di$ap})ear the instant such motion 
ocases> which is not the case. 

What ktH^ps the particles of gases in 
.\oUition» or at such a distance from each 
other? it must be attributed to the ca- 
loric given out so copiously during their 
chtMuicttl union. 

In u\v hua^ble opinion the heat pro- 
xhu <vl by friction can only be accounted 
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for on those principles which I have al- 
ready adduced. 

Friction irivafiably excites and accu- 
mulates electric matter on the bodies 
rubbed : if they are good conductors, it 
circulates very quickly through them, and 
the quantity of the electric matter thus 
induced in a given time, is in proportion 
to the rapidity of the friction* Upon 
what principle this effect is produced, is 
totally unknown at present, although the 
fact is fully established, particularly by 
the operation of an electric machine. 

Might not the heat produced in Count 
Rumford's experiment, arise from a dis- 
lodgment of a portion of the specific heat 
of the iron through the influence of elec- 
tricity, which must flow in every dii^ction 
to the centre of friction ? And might it 
not also, in its passage thither, force on 
before it another portion of heat from the 
calorific atmospheres which it meets ? 



We have every reason to suppose that 
the particles of imponderable elements, 
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j^kLt laaae oi ibe pondefalile, have their 
'iii&rsit ibrccs oi attnctkm to bodies. 

The de-osTdizintir nrs which accom- 
[»AT ditjfie of Iighl, separate ponderable 
«^ieiQei£L3w sack as oxjgen and metals^ and 
o^Ljses aad hTdiogien, and oxygen and 
carbca. Tlii:« eieoientarv substance must' 
theresbre fae inioxical to the process of 
%:\>aibii5::oQ : ire 5!ioald therefore be the 
c<> 5;.:?Tri^ed at nnding one imponderable 
cLcsi.eiit to disen^ase another imponder- 
.iblc cL'uitiU iVum its chemical union. 

Caloric and the electric fluid are anta* 
^onist elements, whereas light and caloric 
seem to be kind and almost constant as->^ 
^H^iates. The light of the sun, and that 
produced by artificial means, are accom- 
puaied by calcmc. 

Moou-iight seems to be quite free from 
caloric, ivhich on that account might 
:ip|K^ar an exception to the foregoing law : 
lull we are to consider that this kind of 
ii^^ht is redected from a considerable dis- 
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tance, and from a great body that might 
retain the caloric that accompanies it 
from the sun, or reflect it back again to 
that luminary. 

Electricity, in its pure simple state, is 
incapable of producing heat or light. 
When a Leyden jar is overcharged with 
the electric fluid, rays of light diverge 
from between the wooden cover and the 
edge of the glass : this light is so feeble, 
it is only visible in the dark; but when 
the whole charge of the jar is made to 
pass in air at one sudden explosion, a very 
vivid flash of light is produced : when 
passed in air rarefied by partial exhaus- 
tion, by means of an air pump, the light 
is less vivid, and continues diminishing in 
proportion to the rarefaction, because in 
this state it meets with less caloric in its 
passage. 

When the air is completely removed, 
which can only be effected by the Torri- 
cellian vacuum, it not only passes with 
some difficulty in such a medium, but 
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Deither light nor heat -is produced. Phi-* 
losophers do not agree as to this facV 
which must be in consequence of the 
great difficulty of producing a perfect 
vacuum. 

Substances that retain the calorific at-^ 
mospheres of their particles or atoms with 
the greatest force, are tlie worst conduc* 
tors ; because the electric fluid has to 
force its way by removing a certain por- 
tion of caloric which obstructs its passage. 
The quantity of caloric thus liberated de- 
pends upon that of the electric fluid, and 
the effects it produces as free caloric, are 
more or less sensible according to the 
thickness of the conductor. For instance, 
the electricity of a large cloud will melt 
a mass of metal, whereas that of an elec- 
tric or voltaic battery will only fuse smaU 
wires, 

Metals, charcoal, and living animals, 
are the best conductors of electricity, as 
a sufficient portion of their caloric is rea- 
dily removed on its passage through those 
substance;*. 
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Drj oxides are non-conductors, as 
their calorific atmospheres are small and 
strongly attached to their atoms. Glass 
also, which consists of different oxides 
fused in one solid mass, is a non-conductor 
on the same principle, and so are resinous 
substances; y^t glass and resins become 
good conductors when sufficiently heated 
so as to enlarge their calorific atmos- 
pheres. 

The' liquid oxides, namely, acids and 
water, are bad conductors of electricity, 
and, when it passes through them, a portion 
of their specific heat is removed for a mo- 
ment. The same effect is produced in 
dry gases» which are also bad conductors, 
partly upon the foregoing principles. 

We know very little, at present, of the 
internal nature of the imponderable ele- 
ments. Although we are acquainted with 
many of the phenomena, which they pro- 
duce, yet the greater part of the duty al- 
lotted to each is veiled from our senses : 
every one of them has to perform an im- 
portant office in the system of nature, not 
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excepting the great scale of oar planetary 
system. In our own little worid (the 
earth) ererr thing is performed by them ; 
animaiization, vegetation, life, and motion, 
are their attributes, for in their absence 
the ponderable materials of onr globe 
would be one chaotic inanimate mass, or, 
in the langiiage of the old chemists, a 
caput mortuum. Wc must therefore con- 
sider them as agents in the hands of Pro- 
vidence to eflect his all-wise and mighty 
purposes- 

We shall nerer be perfectly acquainted 
with the laws of nature while we are igno- 
rant of the properties and operations of 
those subtile elements that guide, animate, 
and move the whole of the universe. 

Our ancestors, so late as sixtv vears 
aso, were as unacquainted with the nature 
of atmospheric air as we are at present 
with ti^t of the imponderable elements. 
Thty c^m^idered it beyond the reach of 
Liair^a^j invr^tigation, having no conception 
<jf tbe implements and apparatus calcu- 
iiAtA f>f tvtc\i an intricate inquiry. 
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We are nearly in the same situation, as 
to the imponderable elements ; we possess 
very imperfect means of examining them, 
consequently the rationalia of their most 
important functions are concealed. How- 
ever, I entertain hopes that at some future 
period posterity will gain that power over 
them which we now possess in the exten- 
sive field of pneumatic chemistry. 

The theory, or rather the hypothesis, 
which Ihave advanced, on electrical phe- 
nomena, is founded on well-known facts, 
aad according to my knowledge is quite 
new. It is simple and uniform in its ap- 
plication, and capable of accounting for 
many phenomena which appeared hitherto 
inexplicable upon any rational principle 
whatever. Should it stand the test of 
further investigation, it will establish the 
materiality of the imponderable elements 
beyond a shadow of doubt. 

So fully convinced am I, at present, of 
the truth of this doctrine, that no vague 
or superficial objections will be able to 
stagger my creed : at the same time I am 
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ready to submit to convincing facts and 
arguments, for truth should be the sole 
object of every writer on philosophical 
subjects, 

I will now return to the atomic theory, 
the principal object of this essay, and 
endeavour to submit to the philosophical 
world such testimony as will enable it to 
judge who is the author of that doctrine* 

When I h^id written, the present che- 
mical nomenclature was not adopted : 
azotic gas was then called phlogisticated 
^ir ; oxygen gas, dephlogisticated • air ; 
hydrogen gas, light inflammable air ; and 
caloric was distinguished by the name of 
fire ; and so on, as to other substances. 
Modernising, therefore, that part of- my 
book which must necessarily be tran- 
scribed, cannot be considered misrepre- 
:Hentation. In many instances, it will be 
necessary to render passages shorter and 
more perspicuous than they are in the 
original, particularly as this doctrine was 
applied to abstruse investigation, as I have 
uhcady mbnlioncd. There shall be no 
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alteration whatever, as to the mere matter 
of fact; and reference will regularly be 
made to the pages of the old work. Any 
additional remarks that are made, will he 
in italics, or in a note at the foot of the 
page. 

Although the theory in question runs 
throughout the whole work, consisting of 
280 pages, I will only trouble the reader 
with certain passages, which circumstance 
must unavoidably mutilate the system 
which I advanced. It will, however, an- 
swer the purpose of ascertaining whether 
any and what part of this doctrine ori- 
ginated with Mr. Dalton^ 

It is almost unnecessary to quote any 
part of Mr. Dalton's work, it being so 
well known, and so recently published ; 
yet I shall transcribe those passages at the 
end of this treatise that he or his friends 
would have adduced, were they to contest 
the present question. I shall also present 
specimens of his symbols and his ingeni- 
ous method of exhibiting, by their means, 
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the constiluents and proportions of atoms 
and molecules. 

I consider his definite proportions and 
weight of atoms in many instances very 
erroneous, as shall be proved in the course 
of this work. The few experiments he 
made were not sufficiently accurate to jus- 
tify his conclusions. But let facts answer 
for themselves. 

Mr. Kirwan was the first who opposed 
the theory of Lavoisier, in a treatise writ- 
ten expressly for the purpose, called 
" Essay on Phlogiston/' One of his first 
objections was to the table of Lavoisier 
on the affinities of the oxygenous principle 
to different bodies, wherein he placed 
charcoal above iron. 

Mr. Kirwan supposed that charcoal, 
according to the precedency given it in 
this table, should decompose water in a 
boiling heat, at leasts {which is not the 
cant) considering that iron, which is placed 
lower, will produce hydrogen under the 
same circumstances. 
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The reply wbich I made to Mr. Kir- 
wan, oh this subjecjt, will exhibit the first 
dawn of the atomic theory ; and the series 
of chemical affinities adduced on the oc^- 
casion, as being still problem a tica}, de^^ 
servies the attention of modern philoso- 
phers. It is as follows : * 

" The nature of charcoal should be 
first considered. Although the aggregate 
attraction of its parts appears weiaker than 
that of iron, from its facility of pulverlza- 
tion ; yet, when reduced to powder, ok 
small molecules, its ultimate particles may 
cohere with greater force. 

" The frangibility of charcoal is in a 
great measure owing to the number of 
minute cavities which intersect its texture; 
from the expulsion of hydrogen, and the 
succulent part of the wood. 

" Independent of the aggregate attrac- 
tion which counteracts chemical union 

« 

♦ Comp. View, p. IK^ 
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more than We are aware oi; it appears to 
ttie that die ultimate particles of charcoal 
are surrbxinded with looae repelKag ftoid 
which defends them from ifie action of mf 
and water. The «ame may be said with 
vespect to alkobol, oil, and ether; for they 
all have greater attraction to oxygen thai| 
phosphorus has, which qqites with it in 
the common tem^rature of the atmosr 
phere.l* Whether this be occasiimed: by 
ealoriCi the electric fluid, or some otitef 
sabtile fluids with which we are nnacir 

i|aaioted^ deserves s^t^efit|oi]t 

* • • > 

*♦ Nitrous ^ir-willrush logo unioa with 
oxygen gas, in any moderate temperature, 
yet sugar will hot do so, sdthough it will 

deprivef tlte »itroUs ia\x e^f iU cotidetfs64 

oxygem ' •■ •■ 

••/f «. I. • , . ■ 






. • Tbi» llQWiittwd wbf n p^WplHqwiii.w t»P9»^ to atinos- 
liberie nir. . Wh^i^ dr3r pho^hpi^s i^. (;onfiii^ o^fir mercury 
III pcrfrctly dry oxygen gas» iio, lioiob wiU take place in a 
roiiinimt temperature, so that Xh^ slow combination of phos- 
tiliofui ft''promole3'T>Y IKe* ^aiotcT "which acis" on if ii a 
solvent. - 
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*^ Pure calcareous earth (lime)) wi4J 
jfea^Re im fSkct on muria^tdc gas^ when botih 
ftn^pej^qtly^ drjn; yet water, to which this 
gasiha^ na chemical afiinitj, will condense 
it : in this state it will readilj form an in- 
timate union with the lime. 

**'Oxygea and hj^drogen gases^ wh^n 
mijced^kii their' simple state^ wiE not unitie, 
niaitwithstaading tiidr cliemical attractioa 
fm each other, unless exposed tso ati elecr 
teic or a com n^oa spark, yet they will 
readily combine when one or both ar^ 
partially condensed ; instance, nitrous air, 
irhich, asi ml\ hereafter appear^ consists of 
o%ygen and azote^ will condense hepatic 
gaft.^ Hepatic gas, as* shall be sliewn^ 
k hydnogen in its fuU extait, holding 
sulphur in solution. When those gases 
ar^ mixe'dv sulphur i& deposited, and the 
residuary air is found to b^ the gaseous 
oxide of a^ote.-f' In this experiment a 



* Compr VieW| pages IQ, 13. 

f At tbe time the abov« was first written, DitrouSiW was 
considerecl bv many chamists ^ compouod of Ditric aci^ and 

£2 
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portion of the oxygen of the nitrous air 
unites to the hydrogen of the hepatic gas, 
aind forms water. It does not appear that 
this takes place in consequence of a 
double affinity. 

• 

" Azotic gas is made to unite with 
great difficulty to oxygen gas, by means 
of repeated electric shocks in contact mtk, 
pure potash, although it attracts oxygen 
with greater force than nitrous air;, the 
latter being a compound of azote and 
oxygen. 

" When iron is moistened with water, 
and confined in a glass jar over mercury, 
it will yield hydrogen. Iron, under the 
same circumstances in oxygen gas, will 
give no hj^drogen, and the oxygen, is con-r 
densed ; in both cases the surface of the 
iron is equally oxydizcd. 

" Iron and dry oxygen gas, kept in 
contact ever so long, will not act on each 
other : the iron preserves its metallic bril- 
liancy, and the gas its elastic state; and 
JM) hydrogen is evolved. Hence it appears, 
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that iron has no effect on oxygen ga^ in a 
common temperature, and that it is the 
oxygen of the water which unites to it, 
while the oxygen of the gas is condensed 
by the liberated hydrogen in its nascent 
state, so as to reproduce water- This u 
effected by a double influence^ which is so 
obvious as not to require an explanation. 
This modification of chemical affinity escaped 
the obsei'vation of chemists before I had 
mitten. The process of bleaching is effected 
in this way,^ 

" The foregoing facts cannot be ac- 
counted for readily. It might be supposed 
that water condenses muriatic gas in conse- 
quence of its capacity for caloric. But why 
phosphorus, and not ether, oils, or sugar, 



* A very ingenious treatise on this kind of affinity wat 
published by Mrs. Fnlham, about ^fifteen years ago^ wherein 
she errooepusly attempts to ei^plain the phenomenon of com- 
bv^tioo on the same principle, and boasts very much of her 
discovery, having met nothing like it in the works of Lavoi- 
sier, FourcTOy, Kirwan, &Ci at the same time that she cau- 
fiQwdy omtl^ mcolionmg the wor|^ from which she borrowed 
ker ideas. 
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in why nitrons air, and not azote, unite to 
oxygen in a low temperature : And again, 
why iron takes the oxygenous principle 
from water, in preference to that in its 
gaseous state, when the bjdro^n disen*^ 
gaged condenses it, are phenomena, m 
my opitiipn, not well understood. 

^^ It is true all this may be attributed 
fo caloric, which, from its attraction to 
Ixxlir'H, counteracts their chemical union 
lo each other: yet, from the followiilg 
considerations, probably some other power 
interferes. 

*^ It must be allowed that nitrous air 
conniHts of oxygen and azote, in the pro- 
portion of two of the former to one of the 
latter. 'JHic supposition of its containing 
phlogi^iton, will hereafter appear to be 
crroiuious : therefore every ultimate par- 
tieki of a;£ote must bo united to twq of 
^^)^y|!^^*^ ; and tliese molecules, surrounded 
witli their respective atmospheres of ca- 
ioiic^ constitute nitrous air. If these mole- 
cule* were surrounded with an atmosphere 
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of cajonc^ feqtml incize only to those of 
<^ygeA gain JOO cubic inches of nitrou^ 
ak ^sifaoiild weigh 98,535 grains ; whereas; 
acWrding'to Kirv^ati^ their weight lis but 
37 gntinS.* Hence we taiay fairly ^btt-i 
elti4&9 Ihftt the tnokcules of hitrbus ^»i 
are thrice the distance from each other 
that the ultimate particles of oxygen gas 
are^ ir tbe^ tame temperature ; cdhse-^ 
quently letf may infer^ that their ca* 
lorific dtmOBpheres are in proportionabli^ 
Bixe; or some other repelling fluid itttiist 
interpiofeie. - ■ 

• 9 

** Having thus considered the size of 
the repelling atmospheres of nitrous air, 
afld also the attraction of the molecules 
of this air to oxygen, which is weaiker than 
that of the ultimate particles of azote in 
their simple state, it is unaccountable with 
how iliuch more facility the former unit* 
to oxygen than the latter* 

« Ch^nusts do iiot tgt^ ts t6 the jiroportiaiis 6i the 
fionilita^ti of tbif ^ . n 
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^^ The . decom petition of nitrous 
by the hydrogeii of hepatic gas, is al^Qt 
extraordinary, copsidering, as 1 alr^^y 
observed, that the hydrogen is not iQ li 
cpndepsed state) ^nd therefore very pro- 
l>ably combiaed with its full portion of 
caloric^ 

** Dq atmospheres of equal density 
favour the union of their respective mQle^ 
cules or particles P Or, do dense and r^ra 
atmospheresi by readily blending and ^,uf-« 
fering them to approach nearer, promote 
their chemical union ? Qh does the elec-. 
trie fluid inteiffere ? 

^* Froim the foregoing consider^tieyas 
it appears to mc that the attr^gtive forces 

of bodies, are not to be e8.tima,tejd by t^^ 

jfacility of uniting, but rather by the d.iffir 
culty of disuniting them. I therefore beg 
leave to differ frotn Mr. Kinyan in hi* 
objections to Lavoisier's table of affin\* 
ties, &c 

^> When steam is passed over the sur- 
face of fused sulphur ii^ an earthen tube^ 



57 

to coptriv^ as to exclude atmic^pbenc 
^ir, hydrogen £|nd sulphurovis ga^es are 
produced, which shews that swilphur has 
stronger affinity than the hydrogen to the 
oxygenous principle, as had been firit 

« 

shewn l>y Dfi Priestley,* ;r 

^* According to Mr. Kirwan, 100 grains 
of sulphur require 143 grains of oxygen 

« 

gas to convert them into sulphurous acid : 
they require inuch more to become sul- 
phuric acid. This acidf exclusive of wa^ 
t^r, consists of 2 parts of oxygen and 1 of 
sulphur, by weigh t-f- 

# 
" One hundred and forty-three grains 
of oxygen gas contain 41 of water ; <iuidk- 
lime will abstract 36 grains from it, and 
the remainder of its water cannot be sepa- 
rated by similar means; therefore 100 
grains of sulphur require only 100 or 103 
of the dry gravitating matter of oxygen 
gas to fortp sulphurous acid. As sulph.qr- 
pus acid gas is very little more than double 
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^ Comp. Vie^, piy ^ .f Ibid. p. 3fc 
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tlie Hpt^fic gravity of oxygen gas, vt^ toajr^ 
coQchMle . that the ultimate particle of 
sulphur and oxygen contain the same 
quantity of matter; for oxygen gas suffers 
no considerable dtminutioB of its bulk by 
uniting to the quantity of sulphur neces^' 
sary for the formation of sulphurous acid. 
It contracts iV tf^ shaU be «lkeam here^ 

** Hence we may conclude, tbat an 
atom of sulphurous acid consists of a sin* 
gle partide of oxygen and a single particle 
of sulphur, chemically united ; and that 
every molecule of sulphuric add contains 
one particle of sulphur and two of oxygen^ 
being the proportions necessary to satum- 
tiow {dfiimte pnf^rtim).^ 

"""^ A« two cubic inches of hydrogen gas 
Ifquire but one cubic indi of oxygen gas 
ti> CtMHlen$e them to water, we may pre^ 
SUIIM iH^t th%Mr contain an equal Bomber 
of divbiMi^^ ami that the difetence of the 
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iGf^ecific igtBvity of those gases depends on 
the sixR of their respective particles ; or. 
we must suppose that an ultimate particle 
of hydrogen requires 2 or 3, or more par- 
ticles of oxjgeji to saturate it. Were this 
the case^ water, or its constituents, might 
be obtained in an intermediate state of 
ooi»biDatio«), like those of sulphur and 
oxygen^ or ai^ote and oxygen, &c. This 
stppears to be impossible ; for in whatever 
proportion wfe mix hydrogen and <ixygen 
g4i$6s» or under whatever cireuAistaticei 
we unite them, the result is invariably the 
same. Water u formed^ and ihe surplus of 
either •of the gases is left behind unchanged. 

** When water i& decomposed, or re- 
solved into its constituent gases, by the 
voltaic battery, or by an electric machine, 
4jhe above proportions are constantly ob- 
tained. 
' ■ /■ ■ ■ 

' ^^ -From those circumstances we have 
sufficient feason to conclude, that water 
is composed of a single ultimate particle 
of oxygen and an ultimate particle of hyr. 
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drogen, aud that its atoms are incapable 
of uoiting to a thir^ particle of either of 
their constituents.' 
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It willj I should mppascj be needless to 
tell my reader ^ that the foregoing facts, rela^ 
five to salphwrous add, sulphuric add, and 
water, suggested the frst effort of ascertain^ 
ing the comparative weights of the particles 
of different elementary matter, and that the 
vrtgfAi of the atoms and wudeouks which they 
prmbicedy usight readibf be ascertained, those 
facts being once established^ This part of 
my theory Mr. Dalton strictly Qptends ta. 

^•^The proportions of the elementary 
principles of trmter, sulphuric and sulphur-^ 
fuxs acids« being thus laid down, let u^ 
notr attemi to their various effects on dili* 
^rent substances according to the anti- 
phlogistic doctrine. The phenomena which 
tke^ f^oduce, or rather their chemical action 
om bodi€$t were enquired into, on the phlo^ 
jf«$^ir principle, in a part of my Comparative 
Khw, preceding that from whence the fol^ 
iwimg extract is takeH. 
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^^ It has been observed, that certain 
metals attract oxygen with greater force 
than sulphur does, and that thp ultimate 
particles of sulphur have greater affinity 
to oxygen than those of hydrogen.* It 
has also been shewn, that sulphuric acid, 
mixed with water in certain proportion, 
will oxydize and dissolve metals with more 
facility than concentrated sulphuric acid^ 
and that water alone will have very little 
effect on metals in a common tempera- 
ture. . . 

^\ Although these facts appear incon- 
sistent when lightly considered, yet they 
may be accounted for on the following 
principles, and are, in my humble opinion, 
inexplicable *by any other means what- 
cver* 

4 

" Let us suppose iron or zinc to attract 
oxygen with the force of 7> sulphur to 
attract . it with the force of 62^, and hy- 
drogen with the force of 6i. Let us again 



* Comp. View, page 38. 



02 

•suppose thcs€ to be the uttoOTt forces of 
attraction that can subsist between parw 
ticle and particlti of those sirbstaiicesr; 

^* Stating the relative" forces intbeibr^L 
going proportion, \vhich I am led to bet 
lieve is perfectly correct, from fects already 
adduced, and from many more which will 
hereafter appear, one would expect- that 
metals should oxydize in water more rts}^ 
dily than in concentrated sulphuricacidl 
This undoubtedly would have been- the 
case if other circumstances bad not inter-, 
fered- The following will btf-a-^sitiffi'cierjt 
illustration. 
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^' Let S represent a particle of sulphur, 
and O a particle of oxygen, in the an- 
nexed diagram, which attract each other 
with the force of 61, and let thie com<>> 
pound be considered an ^tom of sulphur^ 
ibus acid; the force of union subsisting 
between S and O is greater by i than that 
of hydrogen and oxygeq in an atom of 
water, being b«t6^. 
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^ As the attraction of bodies is ipututbl, 
let «rs Biipposb S to possess one half of this 
fioftntiiiii of aflSinity^ which is diV^ andO 
to possess the other half; the two particles 
oiii&fe unite with the^ forpe represented in 
libe. itisagraon'^ 

^^ When a second p^;rticle of oxygen 
linitesLtothe particle of sulphur, its quan^ 
fnmi ofi attr^f tion» must be e<^uaUy dirided 
iMtweei^ both. This will reduce the atr 
lachniriQnt of anlphiir and oxygen in the 
fpiolBcuIe! of sulphuric acidiibrmed }>y ihii 
|np]^ fiotaiponiid, tq 5rV- 




^* lu or^er to, mQrc perfectly understand 
t^is part of the doctrinCf wMcJt I consider 
ip be Vie most important in fht whole system 
^hat Iqdvancedy let § represent a particle 



*C<)inp. View,. papers. 
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of sulphur, and two pigrticles of 
oxygen united to it with the numerical 
forces annexed to them in the diagramu 
If one of the particles of oxygen were 
removed, S and.O would remain uAited 
with the force of 67, and, when restored; 
this force would be diminished again to 
5tt> and so alternately.* This seems to 
be a general law : all bodies unirte with 
greater force to half the quantity^ of those 
substances to which they have an affinity^ 
than to the entire. Instance, carbonate 
of potash will part with a portion of its 
carbonic acid in a moderate .degree, bf 
jheat, yet it requires a very intense heat to 
expel the whole. In like mamier, crystal- 
lized sulphate of potash will part with 
most of its water in a heat below ignition, 
but it requires a strong red heat to drive 
away the entire of its water. Thus we 
find, in proportion as the potash is de- 
prived of a part of its carbonic acid', 
its power of retaining the remainder is 
increased; and the same holds good as to 
the expulsion of water from the salt f 

* Comp, View, p. .40, . t Ibid. p. 41., 
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^ Thfe iht^thsil sUutture; 6f watef afad 
It!klj>^u)rj6 kdd being ascertained, what 
play of dffiiiitie^ ifiust take place whea 
iron or zinc is introduced into dilute sul* 
^hiifit kcid, may readily be conceived. 

^* *rhe ittin iVill attack the oxygen of 
the sulphuric acid tvith the forcfe of t, 
which resists only with the power bt 5-^t, 
in preference to the oxygen of the water, 
which ii held by the hydrogen with the 
fbrcfe of B|. We ate hot to suppose that 
thei irbii ti^iH only partially decompose the 
iltitilecutes 6f ttid itt contiguity with it, 

bat that it will deprive the sulphur of the 
tfthtird Of its oi^gien, more especially when 
it presents such a multiplicity of tiietalKC 
particles in a small compass* 

^•'Hie sulphur being thus despoiled 
i6f ife tfxygfeAf by a superior power, and 
%till pitesefrvin^ iti ultimate division, in- 
litatftly eierts its S*'hole force 6^ on the 
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oxygen of the water, which it readily 
gains, meeting with, the resistance only of 
(>T. Thus hydrogen is disengaged.'' 

The principal object o/* the foregoing 
demonstrations was to ascertain that the hy- 
drogen came from the water^ atid not from 
the metalj as was almost generally suppose 
at the time. 

Lavoisier and his few followers imagined^ 
that the sulphuric acid first united to the 
inetalj and that the compound^ demanding 
more oxifgenj decomposed the water. This 
is the theory of modern chemists. I have 
proved the fallacy of this doctrine^ as shall 
be stated presently. 

^* The phlogistians might object to this 
mode of accoanting for the decomposition 
of water, by saying that sulphur cannot 
effect it in ihe temperature of the fore- 
gDin^ process. I will agree with them, 
whtMj sulphur is in small aggregates, or 
inoli culcb ; but it should be considered, 
thai tused sulphur, as already observed, 
uill ill compose wuter when brought in 
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contact with it, in the state of steam. 
This decomposition is effected by means 
of caloric, which removes the aggregate 
influence of the ultimate particles of sul- 
phur. If the aggregate attraction should 
not interfere in a low temperature, which 
is the case during the rapid decompo$itio^ 
of the molecules of sulphuric acid by 
metals, the decomposition of water ought 
to take place the more readily. 

" The ultimate particles of sulphur, oa 
being deprived of their oxygen, cannot 
recover more of it from the water than 
what is sufficient to form sulphurous acid. 
This sulphurous acid unites instantly to 
the metallic oxide, and acts as a solvent." 

These movements and arrangements of 
particles take place with inconceivable ve- 
locity. 

** When iron is put in concentrated 
sulphuric acid, scarcely any effect is pro- 
duced until heat is applied, which removes 
the aggregate influence of the molecules 

of the sulphuric acid, and diminishes that 

f2 
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tif tttf iWn. touring this pr66k^s thfe li-oii 
ih 'bkydiJred ahd jD^rtly dissoK^d ; siilphtir- 
'otis dcid gas is eVdiVed itl great shivA- 
e, ivitll litUe ot no hydrbgfen.* 




" When tvMef is ii^iked tvith the M- 
.^bttric acid iti sufficient c[Uatility, it iritdi'- 
))6sds itself betW^^n it^ sluggish ttoldcUl^S, 
ilhd reirirtv'es thfett b^jtitid ttw. Spfie^fe c(f 
their niutUdl iiftflufehce : it tiiihwtfi thfe 
same purpose that caloric does; so that 
th^"^dluti6n gbes bti tapidly ttrithdut the 
ia'ppfi cation bt heki. 

■■■' '*♦ Th6 fedlphilfdufe kfcix! gsfe tfet is |ii-5- 
:(iuc^d by the afctioh &f cOhc^bli^dffed Sbl- 
pliuric add oii irbfi, Ihay he sktifefa'ctoi-iiy 
accounted for in the following manner : 

• "^'^fhelirst 'e^^ofi of fhe rHistJimd pkf- 
ticles deprives the molecules of sulphiitiic 
acid within their reach of the whole of 
th^il- (iScyggri, aiid 'the ^artifclfei of Sulphur 
thstaititiy 'exfeft the itiirffe df 6^ oii the 
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Qxygef) oF tbp neighbovinng mplppiiles of 
su^ph^rip ftpifl, wl^ich resisj only witb^j^^. 
fprce 5-pr. 4s ^k^ particles of sulpl^^r 
GfiQ take ji^ut ofip of oxygen frptn the 
q^pl^cule of s(i|phifnc acid, two ppvtjpfifi 
qf Sulphurous ^cid are formed.^ 

" T^e fflllowjqg derpopstrsjitipn will 
rep(]|e^r ^hiji> p|?^y of affinity betv^een the 
particles perfectly cle^r. Jjet us suppgse. 
^ P^rtiplp pf swlphuf, recently (jepriveic) of 
its oxygen by the metal, and still possessed 
of the power of 6^ to recover a portion 
of i);, to \)& in sufficient 
cpnt^t wi^h ^ molecule s ,, .. ^^f q 
pf j^ulphurip acicj, lyill ^"^^^^^ 
it; not takp pr>e particle ^^^^Q 

of oxygen from the sul- 
phuric ? And will not the compounds 

S P ^a aflfl s , ^^5., ^' 

which represenl; fttpjps of ^iilphuTPU? 
acid, be foriTied ? One pprtipp will pas? 
off in ft g9?epHS st^te, wd thp pM^^r wj)! 
unite to the metallic pxic^c^f 
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" When sulphuric acid is so diluted 
^vith water as to afford only hydrogen, the 
atoms of water, by surrounding those of 
the acid, or rather by the intermixture of 
their more numerous surfaces, are exposed 
to the immediate action of the particles of 
sulphur the instant they are deprived of 
their oxygen by the metal : thus only one 
portion of sulphurous acid is formed, 
which unites with the oxide, while the 
hydrogen of the water is disengaged in a 
gaseous state. * ' ' 

r 

" Agreeable to the foregoing explana- 
tion, a fresh made solution of iron in sul- 
phuric acid should contain three portions 
of oxygen. The following fact will prove 
this to be the case. 

« 

" When potash in solution is poured 
into a solution of sulphate of iron, imme« 
diate decomposition takes place, sulphate 
of potash is formed, and the metal is dis- 
engaged of a darkish blue colour, united 
with one third the quantity of oxygen 
necessary to its perfect oxydation. The 
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metal could not receive this oxygen, from 
the sulphuric acid .being found united to 
the alkali in its perfect state, otherwise we 
'should obtain a sulphite of potash. . . /' 

This decomposition y and also that which 
the solution of iron undergoes by long ex* 
posure to the oxygen of the atmosphere, have 
been demonstrated by tneans of diagrams^ 
upon unerring mathematical principles^ in 
continuation of the joregoing extract^ in my 
** Comparative View.''* 

# 

Its full quantum of influence has been 
given to every particle^ distinct from each 
other. And I am certain that chemical phi* 
losophy will never reach its ineridian splen-- 
dour J except by means of such principles. 

The maintainers of the phlogistic doctrine 
allowed that metals must part with their 
phlogiston (hydrogen) in order to become 
soluble in acids. As no hydrogen is given 



* Comp. View, pages 47 — 49. 
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out when metals are dissolved in highljn con-- 
centrated sulphuric acid, they insisted thiH 
the sulphurous gas evolved contained the 
phlogiston of the metal; that is^ this adfj^d 
gas is a compound of sulphuric add and 
hydrogen. The foregoing demonstrations 
were intended to prove the fallacy of that 
part of their doctrine. They were, howfv^r, 
considered inadequate t more decisive experi-- 
ments were necessary for the purpose. 

It occurred to me, if sulphurous acid coUf 
tained hydrogen^ should it dissolve metals, 
, that a double quantity of hydrogen would 
he obtained, (its own hydrogen and that of 
the metal). The chemical properties of w^- 
phurous acid xs>ere scarcely known at this 
time. 

The following experiment was of consi- 
derablf importance, as it helped very mi^t^-^ 
rially to upset the phlogistic doctrine^ and 
to establish the new philosophy which I 
adopted, in order to investigate the anti^ 
phlogistic system. 
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" I introduced spme iron nails^ free 
fVQit^ rpist, into stipng sulphurous acic|; 
in a few miDutes it acquired a milky 
appearance, and the solution went on, t^ 
^^ ^f^^ Q^tonishn^ent^ without ebuUition 
or ^xtricatipn of gas, of any kind. On 
st^qding a few Uours, the solution acquired 
a darHi^b coIqut, and cleared soon again 
by tl^e deposition of a black powder. 
Tbisi powder, when collected and wjishcd^ 
l)urp^d on red hot iron like charcoal with 
a, small quantity of sulphur.''* 

This acid is an espcellent menstruum for 
analyzing iron or steely for the whole of the 
carbon tkey contain is left behind in th^ 
solution^ which is Hot Vie case when they are 
dissolved in othtr acids. The French chemists 
brought this forward as a new discovery of 
tk^ir awn^ seven years after my Cgmpara- 
five Vi^w had been published. As I have 
taken stifficient notice of this transaction in 
the preface to my J^ssayvn Bleaching^ toge^ 
thcr with the changfi which nitrous acid 

■ ^ ■ ■ ' ■■■ ■■■ K.im—- - ■ ' ■ ■> 
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produces on bloody which Fourcroy assumed 
to himself^ it is needless to comment on the 
subject here. 

" A neutralized solution of sulphite 
of iron is quite clear, of a light greemsh 
colour, and free from any sulphurous 
smell. When nitrous acid is dfopped into 
the solution, a cloudiness is produced, 
which immediately disappears without 
ebullition, although sulphurous acid is 
disengaged, in its peculiar degree of pun- 
gency, which was not expected : on the 
contrary, nitrous gas was looked for.* 
The sulphuric, muriatic, and acetous acids^ 
decompose this solution, and no hydrogen 
is disengaged. 

" The prussiate of potash throws down 
a white prussiate of iron, which, by expo- 
sure to the atmosphere, gradually acquired 
a blue colour: this change is produced 
instantaneously,' when exposed to oxymu- 
riatic gas/* 



*«Ccni|r. View, fllige SXk 



J will pass over the various applications 
of those facts in the enquiry which engaged 
my attention at this remote period^ and con^ 
fine myself to the following extract : 

" It may appear extraordinary that 
hydrogen is not produced during the so-^ 
lutjon of iron in sulphurous acid, whereas 
it is so copiously evolved by its solution 
in dilute sulphuric acid, which contains 
double the quantity of oxygen/'* 

Should the hydrogen be obtained by the 
decomposition of water, one would suppose 
that the sulphurous acid^ which contains less 
oxygen by one half than the sulphuric 
acidj would effect it more readily. If the 
decomposition were occasioned by the com- 
pound resulting from the acid and iron, it 
would be the case. 

" I cotifess I was much puzzled for a 
considerable time, before I could reconcile 
these seemingly clashing phenomena to 
my theory .-f- It appears to me that they 



* Cotnp. VieWy p. 50. t Ilnd. p» 59« 



7§ 

are demonstrable in the following qiaqner, 
and in. no other way whatever. 

" Let us sqppose iron to attract pif j? 
gen with the force of 7» and sulphur, from 
tb^ divided attachment of its partiples to 
a double portion of oxygepp tP retain U 
with the force of 5tj, as ysq^l^ Jet U3 
also suppose iron, from the density of i^ 
texture, to present a greater number pf 
ultimate particles in a given surface thj^p:j 
the sulphuric acid, particularly the dilute 
acid, from the interposition of watpf.* 

" From the foregoing statement pf tl^p 
relative forces pf attraction subsisting ber 
tween the particles of those substance^^ 
the following decompositlor^ mus( t^ake 
plape. \yhen dilute sulphuric aicid ^pd 
iron are exposed to each other's chemical 
influence, the martial particles will take 
the \vhole pf their oxygen from the mole- 



* Some diagrams are omitted hefe, which wer^ cpD»i- 
dered unnecessary, therefore instead of referring to the 
letters of those diagrams which represented particies, I ^hall 
mention them bj thei^ proper names. 
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ciiles of the acid^ or their particles of 
sulphur, in cofisequence of an attraction 
for iron, tvhich is very small, compara- 
tively to thfc opposite powers, will move 
along with their oxygen. This is not 
likely to take place ; for the force of 7, 
ei6ft)e)[i by the iron on the oxygen, sepa- 
tAles it from the particles of sulphur with 
such celerity that the latter are left far 
behind, and being in contact with water, 
Mbey feirert their whole force on its oxj^gen. 

** Hierefore it is the superior force of 
the tnetalf and the proportional velocity 
of the ihotion of oxygen towards it, that 
leave the particles of sulphur so circum- 
stanced as to enable them to decompose 
water in the manner already described/* 

It might appear strange to persons not 
tiftifkately acquainted with chemical philo- 
^ophpy that velocity and motion should he 
taken into consideration when bodies seem to 
be in contact with each other. The particles 
of the most solid substances are not in com- 
plete contact ; and the atoms or molecules of 
fluids are still more remote from each other. 
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Probably if the diameters of those divisions 
could be ascertained^ the space they have to 
move through y in order to form a chemical 
i{7uony VDOuld be very considerable. 

We will now attend to the effect of suU 
phurous acid on iron^ which places my doc^ 
trine on the decomposition of water beyond 
the smallest doubt. ' 

" When sulphurous acid is poured on 
iron, aliho'ugh its particles attract the 
oxv^icn of this acid with, the force of 7^ 
vet it meets with the resistance of 6i» as 
the diagram, which represents an atom 
of sulphurous acid, will shew. 



^L o 



*^ The same superiority of force does 
not prevail here between the particle of 
sulphur and that of the iron for oxygen 
which evinces itself in the molecule of 
sulphuric acid, . . 




--^^ 
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** Had there been a greater inequality 
of force between S and the particle of 
iron for oxygen, S from its intimate union 
to its oxygen O and a small degree of 
attraction to iron, would move with its 
oxygen towards the iron, and form the 
molecule of sulphite of iron already 
described.* 

** The following diagram will help 
to render those affinities very clear. 



S represents a particle of sulphur, O its 
oxygen united with its usual force. I re- 
presents a particle of iron, figure 7 repre- 
sents its force pf affinity to oxygen, 
^nd the fraction l represents its in- 
fluence on the sulphur. This shews, al- 
though the particle of iron attracts the 
oxygen with the numerical force annexed 



r*-^ 



^ Conip. View, page 60. 
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to it, that the sulphur is iDnuenced with 
the same force by the particles of iron and 
oxygen conjointly, which is the power 
of 7 ; therefore the oxygen and its sulphur 
will move with equal speed, and unite tp 
the particle of iron. Hence it is that no 
separation of the principles of the sul- 
phurous atom takes place, that water is 
not decomposed, and that no hydrogen 
is produced. 

" The foregoing facts and demonstra- 
tions, rehiting to the sulphuric and sul- 
phurous acids, confirm each other, and 
tlifow light upon many abstruse chemical 
phenoDiena/** ' 

Stilly however, it occurred to Me^ ui this 
timti ihat it was necBssaty tX) u^eH^in tHe 
proportions of- the prinbi^ks of titt mlphUf'- 
oits acid, tnore especiailij tfsf it Wiis e&iisidit^^d 
by eminent philosapkers a oofApOi^d of hy- 
drogen ami sulphuric adid. In aider tv this 
J made the JoUowing experirtiedts. 



Com^.Tkvi^, jjiagfeGi 
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" I mhbA equal pitts of iulphurettfed 
hydlfo^ti 6btained from iron filings and 
ittlphti^, (previously fcxposfed to heat suffi- 
dfent to Uiiitie them,*) and oxygen gas 
j>ft)dofced frorti nitre. The sulphuretted 
hjrdi'ogtsh was absorbed by water to a very 
siflall bubble, dUd the oxygen contslihed 
feut biit tehth of itbte.f 

** Nine measures of this mixture (3 
i^ubic inched) were reduced by the electric 
sp^rk to 2I4.; the nitrated solution of ba- 
rytes cohdensed them to one twelfth of a 
measure, or somewhat less ; and the solu- ^ 
tion did flot appear in the smallest degree 
titrbid ; aftd no cloudiness; was produced 
b^ the addition of linfe water. The resi- 
dtitm left unabsorbed Was too small to be 
^drjiih^ed ; the pottioii condensied by the 
solution seemed from the smell to be suU 
phurous acid. In order to be convinced 

^ llie sulphuretted hydfdgen is iAtaibed firoktt this com- 
p9»Mid by Hitfrn rf ^ilate sulphuric acid. 

. View, pages 78 — SU 
G 
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of this, I inflamed another charge of the 
same mixture of gases, and transferred the 
residuary air to a clean tube, which the 
sulphur, deposited on the sides of the in- 
flaming jar, obliged me to do. To this 
residuum an equal bulk of sulphuretted 
hydrogen was added, which instantly ren- 
dered it turbid, and reduced it to aboujt 
one third. 

" This assured me that the gas was 
sulphurous acid, and also that this acid 
will not decompose nitrate of barytes. 

" These experiments not only prove 
the constituent principles of sulphuretted 
hydrogen, but absolutely prov^ what I 
have advanced respecting the proportion 
of the elementary particles of sulphurous; 
jicid. 

" It has been shewn by Dr. Austin, 
that hydrogen gas sufiers no dimintition 
pr increase of its volume by the union of 
sulphur; therefore one half of the mixed 
airs was hydrogen independent of its 
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sulphur? that isj 4i of hydrogen gas. 
These 4| measure? require 2i of oxygen 
gas to; colidense them into water. %{ more 
xjf roxygen were expended in the experi- 
tiiient, two of which must exist in the 
sulphurous acid ; and, as much of the 
a^Ote disappeared, we may conclude that 
the -remainder of the oxygen (|. of a mea- 
sure) was expended ip the formation of 
nitrous acid. 

. " From the fpregoing facts it is .evident, 
that the two measures of sulphurous gas 
contain two measures of oxygen ; and as 
thte specific gravity of sulphurous gas is 
double that of its constituents, excluding 
the hydrogeq, we may infer that only the 
sulphur of two measures united to the 
oxygen gas, and that the sulphur of 
3^1 measures was precipitated.* 

T 
V - . 

•* We may also infer from these data, 
tfa^t; the atoms of sulphurous gas are sur** 



■w**^. 
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rounded with as large atmosplierefl of ca« 
loric as the particles of oxygen gas, or 
that they are as far asunder ; and that the 
number of the ultimate particles of suU 
phur ii) sulphuretted hydrogen are tothoM 
of the hydrogen as 9 to 5/^ Accwding H 
the exptrimenty ihey are as 18-40 9* Fur* 
ther experiments must correct inaceuradet. 
These will soon follow. 

This was the first experiment of the kind 
trrndt^ and^ had there been no other €mdbnce 
brought forward^ ought to be Si^ientjht 
the purpose^ as it establishes three important 
facts which comprehend the whole of z»hai^ 
has been unjustly called Dalion's TheM^ 
1. The proportion of the constituents of an 
atom of sulphurom guSj and the rekuht 
weight of those elementary principles. 2. 
The weight of the aiom^ and comparative 
diameter of its calorific atmosphere. Ami 
lastly y The proportion of the uitifHite par-^ 
tides of hydrogeuy and of sulpkHr^ in iml^ 
phuretted hydrogen gas. 
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The following experiments were made 
since I commenced writing this essay. 
They will confirm what 1 originally ad- 
vanced respecting the quantity of oxygen 
and sulphur in sulphurous acid. 

I introduced a small bit of brimstone 
into a glass tube 37 inches long, pre- 
viously filled with quicksilver and inverted 
ia the same fluid ; it was curved at the 
sealed end, in order to separate the brim- 
stone from the surface of the mercury* 
Hie brimstone was partially fused in the 
vacuum, to make it stick to the glass when 
cold. Five cubic inches of oxygen gas 
were then thrown up; the sulpliur was 
melted by the flame of a spirit lamp, and 
when suflSciently heated, a flash was pro- 
duced with a slight concussion oi the 
apparatus^ Upon increasing the heat, a 
second flash to^ place with a blue flame : 
no further cflfect could be produced. On 
stiflering the apparatus to cool, and re- 
storing the pressure of the atmosphere, 
by an inclination of the tube, evident 
contraction appeared: when water was 
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introduced the diminution was A-ery con- 
siderable. 

These appearances induced ine to 
change my apparatus, aqd iq?ike mor^ 
accurate trials. A small quantity of sul- 
phur was introduced into a glass tube a 
foot long, curved as the former; the suits 
phur was made to adhere to its extremity 
by fusion ; when . cold, it was filied with 
mercury, and a cubic incli of ojfygen gas 
was thrown up ; ^nd the space, pccupiecl 
by the gas in the measure used, was accu- 
rately divided into twelvp equal parts. 

When sufficient heat was applied, the 
combustion of a portion of the sulphui* 
was effected with a sudden flash, apcpm- 
panied with a considerable cQncussipUji , 
similar to^ what takes place when oxygea 
and hydrogen are fired by the electric 
spark. In about a minute after, a second 
explosion topk place, and a languid blue 
flame appeared on the surface of the. 
fused sulphur, which lasted a few second^^ 
Is o further change was produced bj a, 
continuation pf the heat, althpugh the end 
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of the tube, where the sulphur was' placed, 
was made obscurely reel. 

When the apparatus cooled to the 
temperature of the air of the elaboratory^ 
the gas was transferred to the cubic inch 
measure ; the contraction appeared nearly 
TT. When water was sent up to condense 
the sulphurous gas, one part remained 
unabsorbed, which was found to be oxy- 
gen gast 

If the whole of the oxygen had united 
to sulphur, the contraction, upon the most 
accurate calculation, would have been tV. 
The experiment was repeated with similar 
result. 

It is impossible to convert the whole 
of the oxygen into sulphurous acid, in 
these experiments, from the interference* 
of the acid gas formed, which excludes a 
portion of the oxygen from contact with 
the sulphur. 

When the oxygen gas was increased 
so as to have nearly a cubic inch of it 



expcadcd, tiie cxiDtractioQ w»s inyanr 



Hie foffeeoing fact being 
the mahs oi the following ej^perimentt 
caa readiir he accounted for. 

Fire measures of a mixture of 25 of 
oxTgen gas and 10 of sulphuretted bydro* 
gen« were fired bv the electric sparjk> ^ad 
reduced to 21- ; no sulphur was lefts ^pd 
a residuum of oxvgen gas remained when 
the sulphurous gas was condeps^pd by 
water. Sulphuric acid wqs formed in thii| 
experiment. 

When the oxygen gas was reduced t0 
21 parts, and 10 of sulphuretted hydrogen, 
sulphuric acid was also formed) but ip less 
quantity than in the last experiment, und 
some oxygen was left. 

In one exp«riment 9 cubic ipch^s qI 
oxygen and 1 of sulphuretted hydrogen 
(in all 30 measures) were fired, and reduced 
to i3 measures, and no pxygea reoiained ; 
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afep^t iV ftf P^Pte was the only resi- 

This last experiment was repeated wH^ 
gases carefully made ; the sulphur was 
^qm^l^tp^y poq^mi^d* aD4 4 m^aaures 
^f pxygeo gas were left. Several trials 
g^ve the same result 

These experiments led to the propor« 
^r\ Qf tb§ g^s@» syificiept to »atumte each 
9^\^t, ^Vwh w^s the principal o|:ufiCt. 

^ A mature pf \6 qf oxygefl gas aft4 IQ. 

<jf sulphuretted hydrogen was prepared; 
Cff thi^ % fpeasup^s were fired, and re^ 
duced to ^1 ; po ocifyg^n was left* Whea 
water was introduced, the sulphurous gas 

Y^s qopdensed, an4 ^ ^ery small bubble 
lejuaioedf wjuch must be. a^te: by th^ 
4^t of muriate of bapytes a, very slight 
¥§f ti^e of sttlpburie acid app^^ared. 

In this experiment 5 parts of the oxy* 
gQQ lao^ust haye beep expeqded in coaden- 

m& V^p by^TPgep iqtp wat^r; i\ parts 

more must go to the sulphur, in order to 



90 

produce sulphurous gas : making an al* 
lowance for contraction and for azote, the 
whole of the oxygen is thus accounted 
for. 

The following experiment was made 
with a view to ascertain, whether the last 
proportions of the gases were sufficient to 
saturate each other. 

A mixture of 15 of oxygen and 10 6f 
sulphuretted hydrogen were fired; a small 
portion of sulphur was deposited, and the 
sulphurous gas measured little more than 
9; muriate of barytes shewed a slight 
appearance of sCilphuric acid : there waaf 
a small bubble of azote left as usual: ' 

The gases used in these experiments' 
were dried by means of fused muriate of 
lime, and -they were examined under the 
same pressure of mercury before and after 
their union. 

The foregoing facts prove that 10 mea-^ 
sures of sulphurous gas contain 11 nieasure^ 
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of oxygen gas, and as the specific.gravitjT 
6f this compound gas, making an allow- 
ance for the contraction of the oxygen on 
uniting'^o sulphur, is but twice that of its 
constituents, it is evident that a particle 
of sulphur contains the same quantity of 
solid matter which a particle of oxygen 
does, and that a sulphurous atom consists 
of a single particle of oxygen and a sin- 
gle particle of sulphur. 

Should sulphurous gas, according 
to Mr. Dalton, contain two portions of 
oxygen and one of sulphur, considering 
that there is no expansion produced by 
the union, it would be more than one third 
heavier. But whence could this second 
portion of oxygen come ? For, the whole 
of the oxygen expended in my experiments 
has been accurately accounted for. 

Besides, the quantity of sulphurous 
^cid, which a given measure of oxygen is 
capable of producing, puts the question 
beyond a doubt; and also confirms the 
inference drawn from the first experiments, 
which I made twenti/'three years ago on 



this subject, ^' that the proportion of ul« 
timate particles of sulphur in hepatic gas 
is to those of the hydrogen as 2 to 1 
nearlj/'* 

As sulphurous gas and sulphuretted 
hydrogen gas, when mixed, decompose 
each other, in the common temperature 
of the atmosphere, water being formed 
and sulphur deposited, I was anxious to 
know the exact proportion in which these 
gases condense each other. After a few 
trials I found the following proportions to 
answer. 

22,50 measures were passed into a 
graduated glass tube filled with quick- 
silver ; 28 measures of sulphuretted hy- 
drogen were introduced : the whole of the 



* Mr. IMton sc^ipos^ tb^t this g^s cpp^i^U of 3 of 
hydrogen aad 1 of sulphur. In this he corrects hipo^elf in 
the second part of his work, and considers the gas to consist 
of 1 of hydrogen and 1 of snlphor. This amendment is 
equity inepcfeety so^ that ke fifik ftom oae error IftW 
another. 
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gases was reduced to one measiii^e, dnd 
t^ part o£ the jar, in which the cpddeti^ 
nation took place^ was lined with sulphur. 

I did not expect that the sulphuretted 
hydrogen would decompose such a quan^ 
tity of sulphurous gas; for the !23y50 
measures, allowing for contraction, eon<- 
tained 34,50 of oxygen nearly ; 14 of this 
quantity was sufficient to convert 28 
si«asure» of hydrogen into water. The 
remaining 10,50 must have been carried 
down, in the state of sulphurous acid, 
with the precipitated sulphur of both 
gasesi. 

Mr. Dalton and many more chemists 
fCippMe, that there is an o:tide of sulphur 
formed in this procesi^, which consists of 
a particle of sulphur and one of oxygen. 

This cannot be the case; for I have 
proved that sulphurous acid consists of 
iSxtit proportions. It is more probabte 
that the sulphurous atoms are somehow 
or other influenced by a portion of the 
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particles of the sulphur, at the, moment 
of their liberation, in the same way that 
sulphurous acid is condensed by the sul- 
phuric, without a decomposition of their 
respective atoms and molecules ; instance 
the glacial oil of vitriol of the ancient 
^chemists, which is obtained from sulphate 
of iron by a strong heat. However, this 
can only be ascertained by experiments. 

A portion of the sulphur deposited 
from the gases was collected from the 
glass jar, as free from globules of mercury 
as possible.' It was then pressed and 
kneaded between the fingers, in order to 
force out any remaining quicksilver : by 
this mechanical process the mass acquired 
a considerable degree of cohesion and 
elasticity, had a strong acid taste, and thp 
smell of sulphurous acid, although it was 
formed with an excess of sul phuretted hy- 
drogen. By continuing the process, it 
became softer and more pliable, and the 
acid taste and smell were scarcely percep^ 
tible, and in a short time vanished alto- 
gether. 
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While working it up, I dipped mjr 
fingers at intervals in a small glass of 
distilled water, in order to collect the acid 
pressed out, and they were perfectly dried 
each time before the operation was re- 
sumed. On examining the water, it was 
found to contain sulphuric acid.* Neither 
cold nor warm water had any effect on this 
substance; but, when boiling water was 
poured on it, the cohesion of its parts was 
destroyed, and the water exhibited a 
n^ilky appearance ; the solution was eva- 
porated to dryness, and 9, small quantity 
of distilled water was added; when filtered. 



* Thb fact proves that the sulphuric acid is furmed at 
the moment of the condensation of the gases, and that water 
is not necessary to its formation, as Dr. Thomson and Mr. 
Dalton supposed. By what play of affinities it is produced 
I know not, unless jt he the following. The ultimate particle 
of sulphur, the iqstant it is set free in the gas&«i, exerts its 
aggregate influence on tjie particlie of sulphur of its neigh- 
bouring atom of sulphurous acid, while the oxygen of this 
atom passes over to another atom of sulphurous acid in it8 
"Vicinity, so as to constitute a mblecule of sulphuric acid. 
This double influence might produce the effect. The small 
quantity of sulphurous acid, which appeared, might be carried 
down mechanically by the sulphuv and sulphuric acid. 



mtirkte of barytes produced a veirf flight 
cloudiness, which shewed that the! wholfe 
of the acid was not removed bjr pre^suif^. 
What remained on the filter was sulplttir 
mixed with some black matter. "PdtsLS^, 
by means of heat, dissolved the whole of 
the sulphur which this snbstanbe <rdtt- 
tained, tittd left a black poWder behiild. 
Which burned on red hot iron Hke chit- 
coal, without the smallest appearance' 6f 
^ulphnr. Carbonate of potash seemed t6 
have very Kttle action on it ; for the smaR 
piece, eacposed to it in a vety modei'ate 
degree of heat, retained its shape And 

bulk, but readily crumbled between the 
jBngers into a black powder, consisting, 
apparently, of carbon and some sulphur.* 
Alkobol produced no change^ and etbtfr 

had no effect on thi« substance. 

Presented to the flame of a candle^ it 
burned somewhat better than sulphM*; 

* These aro to be considered the properties of the {ummjF 
fubitance, when produced in its perfectly elastic state aij| 
deprived of the acid. • 
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tfftfd liteSiTl^ itn bulk of a very porous 
kiiii figfet black substance remained. 
Thhf Mack tfraftter I suspected to be 
citrboYi. 

A portiah of this black powder wa* 
introduced into a curved tube filled with 
oiygetij and inverted in q;aicksilver. The 
carbon- was confined to the curved piart. 
When it \^as siaittciently heated by the 
tfatitoe of a spirit lamp, it burned with verjr 
tfrifiia'nt scintillations, and no residuum 
#&8 Tefh Litne water was thrown up as 
sdota as the apparatus cooled, which be- 
dame tai*bid in a few minutes. These 
facts assured me that this black substance 
was pure carbon. To perfect the com- 
BtHStion of th6 carbon in oxygen, it must 
he previously freed of the whole of the 
!(idphur by heat, which should be gentle 
at first, to avoid the joint combustion of 
tile callbon and sulphur : when the latttlr 
is' nearly expelled, the heat may be raised 
td a«y degree thiat w^ill ikot promote the 
fioxbhiistknl of the carbon. 
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To ascertain tlie quantity of charcoal 
in this gummy substance, I exposed three 
grains of it, on a watch glass, to a mode- 
rate heat, and although it parted with a 
small quantity of sulphur, its elastic pro- 
perty was very little impaired. 

When the heat was increased by the 
flange of a spirit lantp, it ignited, and the 
remaining sulphur burned with a blue 
languid flame with a few scintillating 
sparks. As soon as the combustion of 
the sulphur ceased, the black matter re- 
maining was considerably heated, in order 
to expel the whole of the sulphur. It 
Weighed half a grain. 

It is probable from the foregoing facts^ 
that this kind of elastic gum consists of 
hydrogen, carbon, and oxygen. It is ex- 
tremely difficult to ascertain whether sul- 
phur is necessary to its constitution. As 
the pure sulphur deposited from the gases 
incorporates-with it when worked up tOr 
gether, we have reason to suppose that 
ti)e union of most of the sulphur is some- 
what mechanical. ^ 
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To ascertain as nearly as possible the 
quantity: of sulphur produced by the 
gaseS) and to obtain it free from mercury, 
a stratum of water was sent up in a jar 
filled with quicksilver ; 7,6 cubic inches 
of sulphurous acid were then passed up, 
and 10,8 of sulphuretted hydrogen. Al- 
most the whole of the sulphur remained 
suspended, and passed through a filter. 
The liquor was evaporated to dryness, in 
% gentle heat ; sulphur and a very small 
quantity of sulphuric acid were left. The 
weight of the sulphur could not be ascer* 
tained, as it contained- some minute glo-* 
bules of mercury. 

The experiment was repeated, with the 
difierence of employing ether instead of 
water* The sulphuretted hydrogen was 
first sent up ; it was readily condensed by 
the ether without any degree of turbidness 
whatever.* The sulphurous gas, in the 



* Ether unites to 7 times Its balk of sulphuretted^Jbydro- 
gftn gas without any apparent change. This hydro-sulphur- 
etted ether might be found of some use when its properties 
#e fully ascertained. 

H 2 
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j*roportiott larit itieritfefl^dj W**^ kttro- 
dwed ; the sdlphur fd* diywft in the* dth^Si^ 
i« small flocks ; whet> it had Mdod' lot a: fe# 
hf<«rtir^, the ether became heJArty (JlW¥j i<id- 
tlie 8«lphuf rested on the 8«rf4«e of*- ^^ 
m^rciiry. A^tnffs^etic air #as» Sttflfefe* 
to passrttto tlie jar in su^i^Feht q^i^iitHj^ 
to di!siplac5e the ^hote of th« tf irtdksilVC* }* 
the sulphwf wti» sefHi^rJEited^ by hlcfaftfsi rf 
filtr^tiorr, and' fhef ethef pft^sied fb¥6«^ 
quite lirtpid; bot,^fhe!1 partly era^AWftetf 
ifti a moderate he»t, it ftecantfe toittJ^^ 
When the whole of ffte- etber tiras^ &m^ 
rated, a very miiwte qwadl^y df stelpJbtirite^ 
acid and sulphur^ of a daft-k Cdlduf, Wirt* 
left behind, the weight of which could not 
be aseertaincd. 

The sulphiiT^, t^^hich' tfhi? e«hfer left 6tf 
rtie filter^ wasMfa^hed with distlted miiiit: 
Wh^^ thi» water was ft*^porated,'ino- fe»J 
^ntri reitiaifled; When-tfee sulpHuf waS 
dried, it weighed 10 grains. It was ex- 
posed to a sufficient heat to volatilize the 
whole of it, eicifpt a smalf quantity of 
cliarcoaU; , . .. : ... r . . 

>-. .f««p«.-. '«. . Ilk 
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The foregoing pxpmment lyag lep^atedy 
ft^d waiar was used to d.epf:q?s tjip quipk* 
silver, ia order tp obtain the ether j^nd 

. mlphiir free frpna ipprcurjal globulesi, which 
is Mnapst; ijijpQssibJe, The jiq^id was eva- 
pprat^d to dryness, aq.d then exposed (o 
lifat 8juf|^c^!ept to expel the sulphur; a 
ft^jrk bwwn nesiduon? reijiained, which 
fprqaeji? A kiv4 pf varnisli on the bottppi 
(\f th^ ss^ucei;, in which the pxperimept w^jts 
jrnade^ T,lfije heat applied to produce this 
effect was about 700° of Fahrenheit. 
When a small portion of this varnish was 
^^pllepted^ it burped ^yith sQn>e di^culty 

^.on red hot iron, and a x;»inu^te quantity pf 

, ffrey aslies was left. 

So^e ether was pias^ed up ioto a tube 
iiUed with i^ercjiry ; about thirty times its 
j>ulk of sulphurous gas wa? afterwards 
introduced ; the whoJiB w?is absorbed, yet 
the ether was not sufQciently saturated 
with it; sulphuretted hydrogen was then 
sent up in as small quantity as possible 
at a time: some sulphur was deposited 
on the surface of the sulphurous ether. 
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which, in descending in streaks through 
the liquid, was re-dissolved.* When one 
third or thereabout of the sulphurous acid 
was thus saturated, water was introduced ; 
the ether and sulphur rested on the sur- 
face of the column of water. When the 
two fluids were mixed, a portion of the 
sulphur disappeared. When the liquid 
was evaporated, sulphurous acid was ex* 
pelled, and sulphur and carbonic matter 
remained behind, with a small portion of 
sulphuric acid. 

In order to ascertain whether the sul- 
phur, the moment it was disengaged from 
the hydrogen, had been dissolved by the 
sulphurous acid or ether, water was sub- 
stituted for the latter, and no evident re- 
dissolution appeared. It is therefore pro- 
bable that the two former fluids co-operate 
in producing the effect. 



* The quantity of sulphur thus dissdved is barely per^ 
C^ptible. 
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The following ejcpcriment wfis made, 
to ascertain the quantity of sulphur depo- 
sited by a certain portion of the two 
gases, and also to ascertain the quantity 
of carbon. 

7>6 cubic inches of sulphurous gas, 
and J 0,8 of sulphuretted hydrogen, were 
mixed over quicksilver; after the conden* 
sation was effected, the sulphur was care- 
fully collected; verj' dilute nftrous acid 
was poured on it to dissolve some small 
globules of quicksilver which adhered to 
it ; when it stood for two days, the quick- 
silver was taken up. The sulphur was 
collected and washed, and when perfectly 
dry weighed 7t grains. It was exposed 
to heat sufficient to expel the whole of 
the sulphur ; half a grain of chjircoal re- 
mained. 

As the quantity of sulphur obtained 
in this experiment was less than could be 
expected, some of it must have been 
oxydized by the nitrous acid. The qnart^ 
tity of sulphur, obtained (10 grains) in a 
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former experiment^ from 18^4 cijifaiic inches 
of the gases, is the nearest approximation 
to the real portion which they contftiq^ ^ 
may be deduced from the additional 
weight, which oxygen and hydrogen ac- 
quire by their union to sulphur. 

. It is remarkable that the gummy niat- 
tcr is never formed when water or etbejr 
is used, although cliarcoal and sulphuric 
acid are constantly produced, unless T^e 
except the experiment, in which a varnish 
was formed. In the latter I sucoeedod 
but once, although the experiment wa3 
repeated. Probably the large quantity of 
ether, which was used in this experiraept, 
contributed to the effect, by affording an 
additional quantity of .carbon and Jiydro- 
gen ; for the portion of ether ij3,e4 was 
not attended to with any degree of accu- 
racy, being considered of very little con- 
sequence. 

The object of iby enquiry was to as- 
certain whether a compound of the ^xed 
oxide of sulphur existed- Ai^d njy e^- 
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perintients tend to prpye thqf fhfre fs no 
such substance.^ 



^I^^iimmifi^^mmmmtim 



f A-ihss jfr, fiftf^^i^ ft hn^ <9P w4 ^op (pck* 

^yije^ ^t)i quicMjv^r; 9N>'Mt s^xf^n oupir^ ipe^^uiff jof 
soTphur^tted hydrogen w^re then pas^sed up, and transferred 
kitb iin €xhii|i9tod f 1«8S globe of the ftiine' capacity. Th« 
glass jar yrpj^ ik^ 6Ue(l mAk w^onous artid gai ; a .eommiiai* 
cation being formed by means of the stop-cocks, the latter 
gas was gjradually pressed up ihtp the ^lobe. A rapid con- 
deosatkitt of Ae g&ses took place, and the quicksilver as- 
«tn<M iMyAS jto fiU llie jar. The jrliote «f the inside of th« 
gViib^ j^ras f^KTH^^d wit^ stf^hiir, of ^ jjeep leinofi ^olo^r, 
ai|d, when collected, exhibited a crystalline appearance ^n 
,Yery minute and brilliant spiculae. The globe was consi- 
derably heated by the union of the gases^ but not so miicli 
as one would expect from the condensation of such a large 
Guantity, which she\ys .t|iat these gfises contain very little 
eal6ric, notwithstanding the size of their respective ^tipos* 
plienNk 

A |M^rtion of tl^s sulphiir Wfi9 ^i^^mjned for ca^rlHHV ^ 
the manner already described, ^nd the quantity obtained was 
oetrlj^ipl to 4hat 'found in former trials. 

ym^jk J^t ^Uiiflei iR^r va9 pofwad oii spijiiie of t^ 
salpjiur, it became niilky^ and a strong sm^ll of suiphUrpos 
ackl ^as pn>dticed. This milky litjvror, being separated tVom 
|}k ndpbMV 99d <»aporati(d to dryness, Jeft a smaill residiMim 
1^ I^^>l|ur4c ^fd a|id carbon^ ihkI tbe tf^hed sii^h^r fi|H 
g^ve carbon. Tbif experifnent proves that none yf the 
carbon, or bkick iBatter> comes from the niercnr}'. 
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A large quantity of sulphuric acid was 
mixed with sulphur. This mixture was 
exposed in a glass cup to sufficient heat 
to fuse the sulphur, aud to evaporate a 
great part of it and the whole of the sul- 
phuric acid. No sulphurous acid was 
produced, and the remaining sulphur was 
not changed in the smallest degree* 

I exposed fused sulphur to sulphurous 
acid in a glass tube over mercury for a 
considerable time, and no change what- 
ever was produced in the gas or sul- 
phur. 

Nowy were it possible to produce an 
oxide of sulphur, it ought to have been 
formed in the last two experiments, parti- 
cularly by the sulphuric acid, as contain- 
ing, according to Mr. Dalton's propor- 
tions, 1 of sulphur and 3 of oxygen, 
proportions different from the estimate^ 
which I advanced in my " Comparative 
View,'^ and which is founded on unerring 
principles. It is upon that account I have 
dwelt so much upon this subject. 
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The carbon obtained in the foregoing 
experiments must come from the sulphur^ 
etted hydrogen, and this gas received it 
from the sulphuret of iron, the substance, 
together with sulphuric acid, which pro* 
duced it ; yet the whole of the sulphur- 
etted hydrogen was condensed by water^ 
and no residuum of carbonated hydrogen 
remained. 

I was anxious to produce this gas from 
iron free from carbon, but I found by my 
excellent test, (the sulphurous acid) that 
all kinds of iron contain more or less df 
it, except native meteoric iron : of this 
I had not a sufficient quantity. I at« 
tempted to reduce pure oxide of iron to 
its metallic state in hydrogen gas, by 
means of a lens ; but the sun was not suf- 
ficiently powerful at this season of the 
year (December) to produce the desired 
effect.* 



^ When I used sulphuretted hydrog«i obtained from the 
sulphuret of potash^ no carbon was produced. 



}08 

I could not oonQQiir^ t^ (pause qf the 
dark cplour of ihe 3ulpbw* prepipit^^eclf 
when equal measures of spjphw^ted ^9' 
drogen aqd oxygen weric fired, until I «d^ 
coi^ered the presence of parhov ip j^ 
^mmy matter aljpeady dascdbed ; 1^04 PA 
proportion as the quantity of o^y^ep i^ 
increased, the colour of the su^hur xg%s 
still darker, because the whole of t|^ 
carbon was deposited, and less sulphur. 
From what we Jcnpw of chevvical a^piqities, 
the carbon should first uniite to ti^pfijff^ 
gen, the jsylphur nes:t, apd the iljijdric^gep 
l^st of all ; yet this, stra<\ge a^ it q^y 
appear, is not the case, for the very r^veq^ 
takes piaqe in this experiment. 

But what is still more lingular, whf;o 

• ft * 

a mixtvire jof sjulphuretted hydrpgep a»d 
oxygen^ in a sm»ll pxcess pf the Utti^r* 
was fired, the carbon was deposited ^a^d 
appeared in very minute divisions on tinfi 
surface of the quicksilver; lime Water was 
thrown up,which condensed the sulphurous 
acid ; no degree of turbidness appeared, 
and a small residuum of oxygen was feft; 
therefore no carbonic acid was formed. 
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lliitf subject dcseffves Asovd ftttdtrtidii than 
I> eafit bosMw on* it at preseM^ 

-■ . ' ■ • . . J : i • 

Nitnr and tt^fons^ acid hei^d vetf 
mtiebao prcpre^ dwiiig my r^eardkes, tiMl 
fiklkley oif^ «te pblogfslitt: docti^tne^ aiftd: alsd 
w^stttblitfh the> atamic system w My firM 
•fej^t t#)e» foi aKienain tJie qiiscntity «f 
a0M0 «iM^ osygcnaiy^ that eiisfic^ iti tfa«» add": 
This was acconipitshed in a^ variety' of 
ways, but particularly by resolving those 
piriociplfeB' into ga$e^ whkh w fdadily ef- 
fected when nitrate^ of ^ ptrtadb is exposed 
tor a !tti%^ heat. As ttid gft&esaro obit 
tained isii^xed' in Vaviiouv^ furopDitidns at 
different stages of the process, the whole 
of the product wAs received in one mixed 
vohime, and cwefblly examinedc*^ The 
ptoptH-tioiBs \0ete i erf dzdte' ai¥d 5 o( 
Qsjrgea. Lav^oisiert, at the^same tittie, es^ 
titnattfd the propotekmft ais t to 4. Ifv his 
ittference vested on the^ ^econipontion of 
thepa^e lutfouir^aicidy he^ mu^ faisrvei bdea 
correct. 
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• Comp. View, [>• 83. . 
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The quantity of oxygen contained in 
nitre being once ascertained,, its expendi«» 
ture could readily be accounted for, when 
metals^ charcoal, or sulphur, decomposed 
this salt by means of heat, as the oxtdea 
or acids produced must contain the whble 
of the oxygen, or else some of it must be 
expended in uniting with the hydrogen or 
(supposed phlogiston of those inflammable 
bodies so as to form water. 



J shall not now detail the great variety 
of experiments made for this purpo^. : J 
017/ only attend to that party which mare 
immediately relates to the atomic doctrine. 

r 

" Thus two parts of 

nitre and one of sulphur will detonate^ 
when exposed to suflScient heat,^ at the 
same time that the whole of the acid : is 
decomposed.*! Sulphur will not unite to 
more oxygen^ in the degree of heat neces- 
sary to conduct this process, than is suffi-^ 



7 ■» ^1 



• Conpa Vicv, pages 121. 122. 
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cient to convert it into sulphurous acid ; 
or, if it even should, its attraction is not 
strong enough to take any more of it from 
the nitre, as has been shewn in the third 
section of this work. Therefore we obtain 
from the above proportions sulphurous 
acid gas, oxygen gas, and azotic gas; 
there is also some sulphur sublimed at thq 
commencement of the process. 

■ 

" • . ' ' ' 

" When one part of sulphur, and four 
of nitre, are used, the products are quite 
different ; for the quantity of sulphur be* 
ing very small, it presents but a few sur- 
faces to the nitre, so that it can only take 
the portion of oxygen from it, which is 
Over and above the quantity contained in 
nit,rous gas: the nitrous gas, beipg thus 
deprived of its oxygen, can no longer be 
retained by the alkali. The reason no 
deflagration takes place in this experi- 
ment is, the atoms of sulphur being few^ 
relatively to, the molecules of nitre, and 
so separated by their iflterposition, the 
quantity of caloric disengaged by the more 
intimate union of the oxygen of the nitre 
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to the snipiiiif is insensibty dissipatedf ; 
that is, it' IS not Itbera^ed'in a sufficifio^ 
degree of accufhulaCioh to preseiJf tfic 
phenomenon of combustion. The reveiSe 
of the foregoing takes place, when a Targer 
quantity of sulphuf is used ; for in this 
case, the atoms of Surpbuf beiri^ more 
numerous, anrf of course cfoser to eac^ 
other, caloric is disengaged in a more 
concentrated state^ at the same time that 
the whole, nearly, of the oxygen of the 
nitre is taken up,^ 

" In order to deprive the nitrfe of all 
its oxygen, it is necessary to use sul- 
phur in excess. First, because an ulti- 
umtc particle of sulphur can only take 
a iiarticfe of oxygen from tHe nitr^. 
2. As every molecule of nitre contains^ 
moHt commonly, four ultimate particles 
of oxygen and one of azote, which, form* 
ing little aggregates, and being eiive^ 
loped by water of crystallisation, and 



• Comp. View, page 1 23. 
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tiie itlkalij, are in a great xoeasui^ ^ de- 
feoded j&ooi tlie aetion of the sdipbudr.^ 

" TJ^er^fore^ as the aitre cannot be 
divided so ultimately as sulphur, if.onl3P 
that quantity of the latter be mixed with 
nitre, nvbtch will expose only Surfaces 
sufficient to deprive its moliecules of one 
hjalf of their oxygen^ nitrous gas is evol- 
ved ; but if, on the contrary, a sufficien^cy 
of sulphur be used to deprive the mole* 
Cttles of nitre of -, or thereabout, of thm 
oxygei\, we obtain aizoticy sulphurous, and 
oxygen gases. 

^* Charcoal detonates with nitre iqi 
Variofjis proportions^ but in no proportion 
will it disengage nitrous gas. 



■• 



*' The weight of the nittic acid molecule^ united to an 
atom #f potash, can ceddily be deduced ifroDa the weight of 
it9 constituent gases, when perfectly dry ; but the weight 
of the compound molecule of the salt described above can- 
not, in my opinion, be ascertained, in consequence of the 
interference of doubtful quantities of water. Mr. Dalton 
has attempted to ascertain the weight of the molecules, of 
many saline substances. 

I 
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^^ Charcoal and nitre, distilled in many 
proportions, will afford azotic gas, and 
carbonic acid gas, and no nitrous gas 
whatever. I would ask the phlogistians, 
&c » 

'• Charcoal not only unites to a larger 
quantity of oxygen than sulphur does, in 
order to become sulphurous acid, but it 
also attracts the portion necessary to its 
conversion to carbonic acid with greater 
force.-f* Thus it is, that charcoal, mixed 
with nitre in a very small proportion, will 
detonate, and that azotic gas and carbonic 
gas are produced. Every single molecule 
of charcoal (for we cannot reduce it to 
its ultimate particles by attrition) is ca* 
pable of depriving a single molecule of 
nitre of the whole of its oxygen ; this 
decoaiposition is so rapid that the mole- 
cule of charcoal directs the whole force 
of its attraction towards the molecule of 



* Comp. View, p. 125. 

t At tliis carl^ (period I was aware that a molecule of 
<«rbonic acid consisted of 1 particle of carbon and 2 of 

t)\yi;»oi). 
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iiitte, which first influehceg it ; bthehvis6 
the charcoal would take a portion of 
dxygen from different nitrous molecules 
at the same time, so as to disengage 
nitrous gas.''* 

■ 

t wilt pass bvet' kevbrdl expeirinients 
inade on different metallic filings and nitre. 
As they were intended to prove the non'- 
existence of hydrogen in those substances^ 
they could not be interesting at present. -f 

I shall adduce ofae of* manjr experi- 
ments made on arsenic, as it, in som0 
)[]aeasure, relates to the principal object 
of thi& work. 

" When i-egulds of atsenic, and nilrei 
ih po\cder, are mixed, and ptojected into ' 



* This passage proves that I considered the molecules 
of this salt distinct and independent of each other ;r and of 
course, the idea extended to ail saline bodies ; for what holds 
good in one, must relate to the whole tribe. Mr. Calton 
may weis;h those molecules, but he must allovKhat they were 
tirst identified by me. 

f Comp. View, page 128. 

i2 
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a re4 bp.t cmcible, 9. rapid deflagra]ti9n 
ensue? ; jtUe pitric acicjl is coipplejtjejy cl^e- 
coinp9^e([}, and of cojurse 1x9 uitwps ^^is j^ 




" When the oxide is treated in the 

saqic way, tl^e nitric acid pf the niti^e is 
opj^ pajjti^lly decofnppsed ; for oitro^;^. 
is evolved, ancj no defloration takes g^ 

pjacp- 

* 

" The regulus of arsenic having greater 
attraction to oxygen, apd tieing capable 
of uniting to niore of it ttjan it$. o^ide, 
which is jjlready half saturated with it^ 
wholly decomposes the nitrous ^pid pf th<5 
nitre ; and, as a great number of the 
particles of oxygen accumulgite with such 
. rapidity in a given time and sjpac^, Xh^- 
phenomenon of combustion is produced.* 

** The reverse of this takes plape, in a 
great measure, when the oxide is used 
instead of tlje regulus; for it can ojjly 



• Con^p. Vkw, p. 129. 
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take a certain pdVtioil of oxygen- from' the 
nitre, add it attracts this cfuantity witb 
les^ force flikn that wbicfr is Barely necesr- 
salry to its calcination, (ta its Jirst sta^ df 
ojpydation.*) 

s. - . • 

- ♦. 

* 

At no hjfdragin is prodikied during tht 
solution of metals in nitrtmi or mltic acid'y\ 
the niirws gas ev6ked was supposed to eitm- 
tain it. This ind^d me to mdfce tht ei^^ 
perimmf with the oxide of arsinidy ztMck^^ 
aithougU if eoidd' imfaft no ihfia^mahl& 
j^rincipky^ produced nitrous gas^ 

Nitrii^ acid mc^ kno^n ta donsist of dJ^ote 
(jpifd om/geH sdnie tinte before I wrote m^ 
Gijfmpdraiiife Viewj and the volumes xif the 
gases J which compose i4\were dscert dined by 
^taisier eintimyself; l^ its internal siruc^ 
iulne or dispoiitloft^ br arrangement of itr 
particlesy ziajf, totally^ unlthown until I ha(3t 



• The different degrees of the oxydation of metals were 
%s well known to me at this period as those of other inflam- 
mable substances; Ji)ut there was no nomendatare to designate 
them. 



written on the subject. It is somewhat sin-i 
gular that no chemical writer has ever: 
glanced at this circumstanct ^ although it is. 
iwniti/'four years sinQt I published my book. 
This appears still the more extraordinary^ as. 
this kind of anatomy exhibited the most lead" 
ing features of the atomic, theory and definite 
proportions. Posterity , no doubt, will be 
smprizcd at this oversight^ and will do my 
efforts that justice J which my cotimporaiies 
Ifave withheld. Here follows the extract on 
this subject, without any material alteration 
whatever. 

^* Having treated on the decomposition 
of nitre, let us now ittteud to the nature 
of nitiou$ acid hi its simple state.* To 
account for the variety of changes, which 
this acid is capable of undergoing by the 
mediation of different inflamcnabie sub- 
stances, it will be necessary to be ac* 
quainted with the force, by which its cpn- 
Mitueut principles are united. 



^ Comp* Tiew, pigcs 13S-S. 



119 

*' In my opinion, the most perfect 
uitrous acid contains 5 of oxygen and- 1 
of azote. Nitrous gas, according to Kir-t 
wan, contains 2 volumes of oxygen gas, 
and 1 of azotic gas. According to Lavoi- 
sier, 100 grains of nitrous gas contain 32 
grains of azote and 68 of oxygen. I am 
of the former philosopher's opinion. I 

• 

also am of opinion, that every primary 
particle of azote is united to 2 of oxygen, 
and that the molecule, thus formed, is sur- 
rounded with one cornoion atmosphere of 
caloric. 

^^ As this requires demonstration, let 
A in the annexed diagram represent an 
ultimate particle of azote, which attracts 



A ■ " - ■■! I ■ ■ Q 



oxygen with the force of 3 ; let a be a 
particle of oxygen, whose attraction to A 
we will suppose to be 3 more ; hence they 
will unite with the force of 6 : the nature 
of this compound will be hereafter ex- 
plained.^ Let us consider this to be the 



i 
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ulmost force <^ attracttoBv tliat can sub* 
siii between exygesx aad a^ote. 




^^ We will DOW suppose ^ sccoxhI par^. 
tiqle of oxjgpB b to combine with A^ 
tb^y will ooly unite with the force of 44f ; 
that is> the whole quantum o^ the attract 
tive power of A, which is but 3, will bo 
equally divided, and direct^^d in two! 
points toward^ a aud. b; so ti&at A and 
a b will unite with the forces annexed ta 
them in the diagram: a and ^ havii^. 
no influence on each other, will suffer no 
diminution of their respective attractionst 
for A, This I consider to b^ the real 
s4ri»cture oif a molecule of ftitrcnw gasv 



*^ Let 1^ ^uni particle of oaiytsen c 
unite to A, it will combine only widb Ibor 
force of 4^ This is the steite of th^ mole* 

It* I 

cules of the red iiitraus vafxjturi, or^ wheV; 
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cojidenjsed; the red aitrous aeid;, The 



U 'V^.^J 




^.^ We wilj suppose a fotirtfi particle 
<)f oxygen d to combine with A ; it will 
vnite with the force 
of St, and §o on, 
with the rest of the 
particle$ of oxy- 
gen, as the diagram ^i 
represents. . This I 

consider to be the 

■* > 

state of a molecule 
of the pale or 
straw - coloured ni- 
trous acid. 




•AMHbairiMUi 



r ii>» ■HIM'" 



f Comp. View, page 134* 



\ 



^ i, represented 

L the di»g'«»- 
^The fra'^tt"?' 

. »na in »>J °P ,„fe bavins ■ 
proportion'- 

^U was '^titten. tb« 
^.d.b.dV,*^*^ viev,. page 13^- 
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^^f VJTe can readily perceive from the 
foregoing demonstrations, that oxygen is 
retained with less force in the colourless 
nitrous acid, than in the stra^^coloured ; 
and the latter acid retains it with less force 
than the red nitrous acid ; and nitrous ga^ 
liolds it still with more force tlian the red' 
nitrons acid. This accounts for the sepa- 
ration of oxygen gas from tlie colourless 
nitrous acid, (nitric acid) when exposed 
to the sun, at the §ame time that the acid 
l)ecomes coloured. Nitrous acid, in any 
other state, will afford no px^^gen when 
exposed to the sun."* 



* AlthQugh oxygen can l^e sep^r^teil from nitric acid 
very readily, and with little force^ yet it would require the 
chemical power of about 10 to take the azote from its o?^y- 
geo, ^o as. to set the latter free in its gaseous state. We are 
not acquainted with any substance in nature, that has en^ 
third the force of this affinity to azote. The same law holds 
good with respect to carbonic acid and water, ^c. No 
affinity to tlieir inflammable base can set free their oxygen. 
This kind of separation is only effected by electricity and 
the de-oxydiziBg rays, or by the living power of growing 
vegetables, probably with the assistance of these imponder-, 
9ble elements. 
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Tke mokcults^ described ahove^ hting^ 
surrounded with atmospheres^ of caloricy af& 
ptrfectfy distinct cmd independent of eaith 
Bther^ in their respective acid^. 

" The different acids will mix mechflh^ 
Aically, in the following order, witikout 
disturbing or decomposing each' othet^&i 
molecules^ 1=. Red nitrous acid will nrix 
with the pale, of str^w-coloured,. and the 
mixture acquires at light n ofange colbvrr*. 
2. The pale mixe^ with the nitric, and 
imparts a slight shade of a yellow colpui^ 
to it.* 

" When the red nitrous^ acid is mi^ed^ 
with the nitric acid, the former takes one^ 
portion of oxygen feom the' letter, and the 
straw-ccdoured acid is produced ; that isv. 
new molecules, containing foujr pa^ieles^ 
of oxygen, are formed. 

^^ Nitrous gas will not descdnapose the^ 
red add, oil the same principle thiatt tBi^ 



• Comp. View, page 13fi, 



At5 

Ij^iter will BpX 4^coQJlxose the pal^; for 
t^e ^bird particle of oicygen is xj^tw^d by 
tfep .acid molecules, with a$ great fprpe a*. 
t))o$e pf the gas attracts it. NUroJus ,g^ 
will djepriv^e the pale of one portiiCS)a of its 
osj^qtt, ,ai;d red nitrous acid U fprw^d. 
I^iTitrails gas will al?o AoGomposi^ tha 
i^ric, apd a mixture pf tfcie xjaoleoul^ pf 
t^p r<?4 .^»4 pale a«id3 will be fpnjjpd. 

^^ Havipg premised thus jujach f>xi the 
4j^ej:eat states of nitf pus acid, I shall »ow 
^op^i^d tp its decomppsitioo. 

" Jf ^ jnetal be iqtroduced into the 
Tied, pale, or colourless nitrous acid, it 
lifrill be calcified) and nitrous gas wiiU be 
extricated ; that is, the metal will deprive 
the pitrous gJ^ pf the portion of p^yg^^ 
nispessary tp the formation pf th^acid. 
^hie mjptal 4eprives the wolecules of aicid^ 
ifitbio its immediate influence, (f( the 
wl^)!^ of their oxygen. The fpfce of 7% 
wit^i which we have supposed metals to 
attract oxygen, being so much superior 
to SIjl if we make use of the nitric, or 3t» 
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if we use the pale nitrous acid, tbgether 
with the number of ultimate surfaces a 
metal must present, deprives ti)e azote of 
its oxygen with such rstpidity, that it is 
at once left destitute of both caloric aitid 
oxygen : but before it has time to collect 
an atmosphere of caloric, which would 
prevent a second union, it exe^rts the force 
of 3 on its neighbouring molecule of 
acid, which had not reached the metallic 
influence^ and recovers that portion of 
oxygen necessary to the formation of 
nitrous gas. This again, in passing in the' 
acid, if it be the pale or nitric acid, will 
receive sufficiency of oxygen to form red 
nitrous acid.* Hence it is, when first d 
metal is introduced into the pale of 
nitric acid, though 3olution goes on, that 
little or no nitrous gas is evolved until tlie 
acid becomes coloured. As the metallic 
oxide formed requires red nitrous acid 
to hold it in solution, (for nitric acid will 
not answer) the acid, which the azote* 
deprives of a portion of oXygen, unites 
to it. 



♦ Comp. View, page 138. 
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*' The foregoing demonstration may 
appear, at first sight, more fanciful than 
real. But does not the decomfK)sition of 
nitre by metallic filings, whether they be 
deflagrated in a red hot crucible, or distil- 
led by a gradual heat in a retort, tend to 
its confirmation ? The acid is completely 
decomposed in this way, in whatever pro- 
portion^ the materials are used. In this 
case, the metallic particles deprive the 
jiitrous molecules within their influence 
of the whole of their oxygen ; and the 
azote^ having no sensible attraction to the 
alkali, passes off in a gaseous state ; for it 
<:annot recover any oxygen from the mole- 
cules of nitre, in consequence of the 
united force of their azote and potash. 

" I introduced iron filings into a mixr 
ture ©f about 1 of pale nitrous acid and 
16 of water.* When they stood some time, 
azotic gas was produced, but no nitrous 



• The object of this experiment was to prove the non- 
eiustence of hydirogen in metals. At the same time it helped 
to develope the atomic system. 



eiiles of -the uri;cous acid, wbich cwsm. ia 
contact with 'tbe metal, a^e defmved of 
the vhole of thek oxygea ; aad as the 
aac^ b libenaitted at a distance from the 
nioieculeB of niitrous acklf and as Us at^ 
tractioa is aot sufficient to deoov^pose 
water^ it collects atniospkeres of caloric^ 
which deibiid it, in its pvsage throitgh 
the sohrijaa, 6^m the action €f a portioQ 
of the oxygen of the suspended ackL 

^^ This erperimeiat not only confirm 
the fiDregoiBg explanations of the decoci^ 
position of nitre and nitrons acid isy 
motak^ \p9X also tends very much to ovier* 
set tbe pUogfstic theory. Here the metal 
is oxydized, and neither hydrogen nor 
nitrous gas is produced .*f- 

*^Let US a4cl to thi^ an experiment 
already described, viz. the solution of iran 
in sulphurous acid without the production 
of hydrogen ; and the decomposition of 
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itiagain bj kutrous acid, without Xhe for- 
mation of nhrotis gas or azotic igas, al'«- 
tiiough dbe imetal is calcino^ and tbeld ia 
sdhition. 

Here fotlaws anitaplanutmi.on tlif prin-- 
ciples of my theory^ (the atomic J. 

*^*9?fae sulphurous acid dissolves the 
iix«], and .of course it is reduced into 
^tinftate .particles. Nitrous acid> ^dropped 
into \this vsolution, is diffused , through it, 
'^ndj, ^.frora the qiianrtity .of .water which 
must necessarily be present in. the sulphite 
of iron and in the nitrous acid, the mole- 
t:ules /of both substances are ia.a great 
measure removed from ; each ■. other, .so , that 
a single lultims^te ^particle of iron can- (neet 
only «a single molecule .of nitrous acid, 
.iriiioh suppiies it with oxygen of cak^ina- 
;tion-and acid of ^soluticm. Thusit is that 
no nitrous gas is produced at the <^sajnye 
time that the whole of the sulphurous 
acid is disengaged:* 



* Conap. View, page I4?, 
K 
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" The great number of ultimate par- 
ticles, which are concentrated in so small 
a compass in metals, from the nature of 
their texture, is the principal cause of the 
decomposition of nitrous or nitric acid 
during their solution in them.'* 

/ shall pass over a great many facts 
which were adduced^ in order to ascertain 
the relative (juantities of oxygen contained 
in nitrous gas and in gaseous oxide ^ particu^- 
larly as they are at present known to almost 
rvvry chemical reader^ and confine myself, to 
the foUomng extract : 

" I'he method of obtaining gaseous 
oxido from tlie solution of metallic ni- 
trHte» favours the foregoing notions;* for 
wc cannot procure it from nitrous or 
nitric acid, until they are nearly saturated 
with a metal ; and then, by introducing 
more of the same metal, or a different 



* Tluit the atoms of the gaseous oxide consist of a 
ijituir particle of asote and one of oxygen. 
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inietal,"wie obtain this gas, instead of the 
iaittrous gas. 

J- 

<• To understand the rationale of this 
foct, we ttinst consider, that the nitrous 
acid, whidi' holds the metallic oxide in 
solution, is in the state of the red nitrous 
«fcid. Therefore, although the newly in- 
troduced metal deprives the acid of solu- 
tioti iii contact with it, of the whole of 
k^ bsCygen, yet the particles of azote 
*6cover a portion of it from their neigh- 
bouring fiiolecules of acid, on principlos 
which have been already explained.* 

** The following demonstration will ren^ 
"^cTer this play of affinity sufficiently clear. 




■<■' i> M I I I I ■ y »■ I I Mmtmmmmtmmmmmmmmmmnf^ 



♦ Comp. View, p. 170. 
K 2 



'^ L^t 'the <liagpani tapifea^M ^e. knote'- 
cules of the acid of solution; if arioelMil 
be introduced into such «a solution, it 
itifll ^depi^ive A of'thfe whok 'of 'ilb *oxy- 
gen ; A being :iu: Contact with «anot)»^ 
molefcule of acid of 86rli>(ji<!>nv wkU 'inst^iitlijr 
setae on a, or 6, or 'c, ^o as. to *con9(x»ttite 
the gaseous 6xide, add another )FtS[f tic)e* ^ 
^ffote 'will at the same tnoihent Unite ^ta.a 
hecond parti cTfc^f oxygen; thus th^ o»>j^- 
gen of -the nololeC'Ule of acid is 'ex^peiidei4 
in forming three portions of 'the gaMOiM 
oxide, while the metals are ^hrowa idown 
in the Btatc of oxides.* 

^* It might be supposed^ ^(hat aib)6taK 
when introduced into ^he red iriitroii^'aciS, 
in its simple state, should, on the fore- 
going principle, produce gaseous oxide. 
But we are to take iiito account that^ al- 
though a particle -of azote cftn only take 



* It has alrcadybeen shewn, by means of a diagram, 
lii!ii tlie atoms Of gaseous oxide consist of a single particle 
of azote and one of oxygen, imited with the force of 6. Sir 
Ihimphry Darypnrc a yery mtmiteficcoimt-ef the aatare 
iinil proi^Tties of this gas, iu a work which he published in 
III" v*;ir IHOO. 
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one. pairl^cle pf qxygen froip a single 
molecule of a(?i.4^ ^^^pt^^r molecule ifl. 
its vicinU^ will:SU|)plj it \^ith ^ 3eco;xi 
pa,rtiQle of o^ge^,. so as to constitigt^^ 
nitroqs. ^as. This ca^nnpt happen in tU^ 
metallic solution; for, when once the atorrf 
9f^.gaseous oxid,e i^. fqrm.^d^ its attF^ction 
for mpr^ ^^Xg^jn is not sijfficie^t to takp 
any of it froni the united in^uence of the 
azote of the acid molecule and the particle 
of; n»Qt^,l attached to it/' * 

Th£ mosf reqdy^ way of obtaining th^ 
gtfseQUs oxide is^ by ea^posin^ nitrate of afn^-^ 
ri^Qniff> tg hpat ifif a pneumatic apparatus^ 
Thi^ rfiode of procuring it was ki^own wheiit. 
I wrot^ my Comparqtive View, i but it was> 
not immediately connected with the new phi- 
Iffspphv^ zsihifih I advax^cedf 



" Having e^adeavoured to shew the 
qature Qj^nittousi^as and nitrous oxide, so 
fax as relates to th^ propprtioms of theiy 
r^§.p^c^yjB ej^m^^n^ts^ we c^n readily a?- 
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count, to a degree of certainty, why these 
gases do not affect each other when they 
are mixed ; for the molecule of the nitrous 
gas retains its two particles of oxygen 
with as much force as the atom of the 
gaseous oxide can attract either of them. 

This neutrality of the two gasesy when 
mixed^ is demonstrqted by means of diagrams 
in the original work. 

** Why the gaseous oxide should be 
more soluble in water than the nitrous 
gas, is what I cannot account for, unless 
it be occasioned by the smaller size of its 
calorific atmospheres, which may admit 
its atoms to come within the gravitating 
influence of that fluid. 

" It is somewhat strange that the 
gaseous oxide should support combustion, 
while the nitrous gas, which contains more 
oxygeii, has the reverse effect. It is also 
very singular, that nitrous gas will unite 
to more oxygen m a c6mtnoh temperature, 
and that the gaseous oxide will not, aU 
though it must have greater affinity to 
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oxjgen, as containing less of it than the 
former gas. 

" That ttie red nitrous vapour, which 
contains much more oxygen, with less 
force, than the former gases, should not 
favour combustion, is still more singular.* 
Again, why Homberg's pyroptiorus will 
burn in nitrous gas, and not in the gaseous 
oxide, is a fact which we cannot account 
for, unless it be occasioned by a larger 
supply of moisture in the former gas.-f- 

*' When we consider that neither car- 
bonated hydrogen, nor hydrogen, nor 
azotic gases, will unite to oxygen gas, not- 
#}thstanding their great attraction to it, 
without the aid of the electric or a com- 
mon spark ; and compare these facts with 
the ease, with which oxygen gas and 
nitrous gas unite ; we are led to attribute 
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* This is not the case : but it was thought proper not 
to make any alteration in the extract. 
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them to sOrt^etbing^ wliich aurround^ their 
gravitating particles, and this we must 
suppose to be caloric^ partly, as it is dis- 
ei^g^ged during their Qh^mifQa) uftioa or 
. CQpden^ation. 

" Bftt why caloric should not exevt 
tliis powcr^ when nitrous gas and oxygon 
^ga$ are mixed together^ is rather extraos^ 
dinary ; more especially when we know, 
?LB I have shewn opon a former occasion, 
that the calorific atmospheres of nitrous 
gas are much larger than those of azotic 
gas; at)d also, wheci we have every reason 
to suppose, that nitrous gas contali»s 
nearly all the caloric^ which its component 
particles of oxygen and azot^ contai^i^ 
in their simple gaseous state* 

^^ Jt is true that caloric is not given ant 
by the union of niirons gas and oxygen gas, 
which might favour their combination by 
a predisposing affinity of the acid mo*ew 
cule for the whole of the caloric 6f its 
constituents. This mode of reasoning,, 
however, is not suflScient to account for 
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the fact. The question is, how do their 
extensive ' atmospheres blende so as to 
suffer their respective gravitating particles 
and molecules to approach within the 
f^ach of each others chemical influence ? 
The condensation pf oxygen gas by nitrous 
gas, without the evolution of caloric, is a 
very striking fact.* 

^^ That nitric acid contains nearly arf 
much caloric as its constituent principles 
held before their union, can scarcely be 
ques^tioned; and that it parts with very 
little caloric, on uniting to alkalies, is well 
k^QowD. Therefore, nitrate of potash con-* 
tains, in its solid state, calorie sufficient 
to preserve the elasticity of, at least, iOO 
times its bulk of oxygen gas. ' 

" Hence arise, the deflagration of car- 
bon and nitre in close vessels, and the 
quantity of caloric which is liberated. 
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* * *^ H€at is produced, but not more than should be 
ekpected Yroni the re-aetioh of the nev^Iy formed acid upon 
tlic luq^ndcd watcir of the gases/' 
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a1 though carbonic acid gas is copiousljr 
evolved at the tome time. 

« 

" These facts must convince us, that 
caloric unites chemically to bodies, andf 
conseqtiently that it gravitates towards 
them. Cat! we therefore doubt that ca* 
loric is a substance, and not a equality, 
as some philosophers are pleased to sup- 
pose ? *' ' 

As chemists differ from each other mf- 
pecting the proportions of the voltrttiesfaf 
oxygen and azbtic gases, ivhflcih mtlttw* 
gas and gaseous oxide contain, 1 repeated 
the following experiments, which were 
formerly made by myself And others. 

Ten measures of pure nitrous gas were 
charged into a glass jar, previously filled 
with quicksilver : som^e weff-prepared py- 
fophorus was then sent op, which instantly 
inflamed, and reduced the gas. The resi^ 
duary gas was passed into a graduated 
measure, where the reduction appeared 
to be only -—. Whea the experkneii^ vat 
made with a larger quantifty of pyro- 
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pb6fHs^ -the 10 meaarures were rcdtrcesd 
to 5f, atid the residuary gas wts fcmtwl 
to be azote. Two trials more gave the 
s&ne tesialt. 

Tfee pyrophoros was scffit tip in « 
sm&U glMs tube open at both endsi, one 
of which was closed by mean* of a cork; 
and it wa» perfectly filled with the pyrtt^ 
phorus : when passed tinder the jar, whteli 
contained the gas, the cork was with-. 
^i^wn, attd the tube, with its cbtttents, 
was sFuSered to ascend. The whde of th^ 
pywphorus, by agitating the jar, wai 
HEfadily exposed to the gas. From thid 
inflammability of the pyrophorus^ no iiate 
could be gained to press it ifrto the tube^J 
it was therefore only quickly fifled, arid 
immediately covered, and passed ttj^. 
Hence it occurred to me, that soraeaf* 
mospherie air might have been mixed wi^th 
it To ascertain whether this was th* 
case, the measure was filled with powi 
dered charcoal, and passed up in the )&ti 
which was filled with quickspilver. la 
thi» way half a measure of gas wasf pro-- 
duced* 
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My assistant, Mr. Wharmby^ repeated 
these experiments over and over againy 
with the same result. Suspecting that the 
residuary gas contained carbonic gas, it 
was exposed to lime water ; but no pre- 
cipitation whatever appeared, and the gas 
was in no sensible degree diminished* 
When a lighted taper was plunged in it, 
the ignition instantly ceased, and oxygen 
gas had no effect on it. 

We may infer from the foregoing f^ct^^ 
that a given measure of nitrous gas con 
tains €!4ual volumes of its constituent 
gases< The weight of 100 cubic inches of 
oxygen gas is 34 grains, and that of the 
same volume of azotic' gas about 30 
grains; therefore, the weight of the mole- 
cule of nitrous gas must be the multiple 
of the weight of its constituent particles ; 
and, if the two gases were condensed 
by their chemical union to the dimensions 
of either of them, 100 cubic inches of 
nitrous gas should weigh 64 grains, where- 
as they weigh but 37* Therefore, the 
calorific atniospheres of the molecules of 
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tliU ^gasare twice larger than those «of 
either of ies ooofititiieiit gases. 

I ^KpeB6dip<)tafi»iutn to flrjr nitrous gas 
over mercury, and no change whatever 
was produced in either of them, although 
they wer& ^diiS^ed to stand until the po* 
ttssilim Hva9 absorbed by the mercury » 
which bad taken three days. When water 
wistbrdwn up, h^drogeii was given out 
by the amalgam. 

f A amall quantity of potassium was 
flatised iMo a Jar, containing ^6^^ measures 
of nitFOUs gas, and a quantity of » water, 
barely ^sufficient to ignite it, was sent up ; 
as soon as they came in contact, a^sudden 
flash ^was iproduced, ^CGotiipanied with a 
bonouesiotiof the -apparatus, and the gas 
^vas reduced to five measures, which con- 
sisted off hydrogen, azote, and nitrous gas. 

When a/lafgcr proportion of potassium 
*was 'Used, ten measures were reduced to 
4st3s, which contained di^ote in a free state, 
bydrogen, and nitrous gas. The mpidity. 
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with which nitrous gas is decomposed id 
this way, can only be equalled by the 
firing of oxygen and hydrogen, or joxygen 
and any other inflammable gas, by' the 
electric spark. 

The experiments with potassium wer^ 
made, with a view to ascertain the ejects 
of this new metal on the gas ; foi I was 
perfectly satisfied with its analysis by 
means of the pyrophorus* 

The various ways of decomposing this 
gas by moistened iron filings, and by sul- 
phuretted hydrogen, were repeated for 
the first time (by me) since I wrote my 
♦' Comparative View,'' and I observed 
nothing particular, except in one experi- 
ment, when equal parts of sulphuretted 
hydrogen and nitrous gas, which stood 
separately over dpy mercury far several 
days, were mixed, no decomposition took 
place, although the mixture was suffered 
to stand for thre© weeks. When water 
was sent up, the whole of the gases, ex- 
cept a large bubble of azote, disappeared 
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in the course of seven days. The water 
contained no free acid nor ammonia, and, 
when filtered and evaporated to dryness 
in a gentle heat, a small quantity of ni- 
trate of ammonia was left. 

By repeated trials I could never suc- 
ceed in this experiment, but when the 
gases and mercury, which confined them, 
were perfectly dry. This curious fact has 
escaped the observation of chemists. 

The following experiments were made 
to ascertain the proportion of the consti- 
tuents of gaseous oxide.* 43 measures 
of hydrogen and 46 of gaseous oxide 
were fired in a glass jar, over mercury, by 
the electric spark : the residuary gas 
was of the standard of atmospheric air. 
3 measures of gaseous oxide, and 4 of 
hydrogen, when fired, were reduced to 
nearly 4 measures, which consisted of 



* Similar experiments were made by Sir Humphry Davy, 
in4he year 1800. — See his Researches, 
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a20te and hydrogen. When equal volumes 
of tflrc gases were fired, ihe mixture was 
refluced to one half. This residuum was 
not diminished 'by water, and when a 
lighted taper was plunged into it, tlie 
ignition instantly ceased ; therefore we 
"have every reason to suppose that it was 
a^ote. These experiments were repeated 
^ith 'the same result. 

The foregoing experimenrts on nitrous 
gas and gaseous oxide shew, that the 
former contains equdl bulk of oxygen gas 
and aizotic gas, and that -the latter consists 
df one measure of azotic and half a mea- 
sure of oxygen gases condensed into the 
volume of one measure. The nitrous gas 
is found as much expanded as its consti- 
tuerrt gases would have been, were they 
only mechanically mixed ; so that little or 
no tliminution of their volume is produced 
*by their chemical union. This aceoimts 
for the greater specific gravity of the 
gaseous oxide ; and this difference in their 
weights must depend on the size of thair 
respective atmospheres of caloric. . 
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The principal question is., in what 
proportion of their ultiriiate particles do 
their respective atoms or molecules exist ? 
The estimate which 1 formerly gave, 
\*^heti I-fitst introduced the atoniic systfem, 
ai tti^ty be se^Sh in some of the foregoing 
pages, is, that a molecule of nittt>us gas 
coriSists of a single Ultimatfe partiicle of 
a^ote and two of o*ygeh, and that an 
atbm of gaseous oxide contains oiie of 
azote and one of oxygen, 

M^; Daltoft and mo^t chemists sup- 
pose that the atoms of nitrous gas consist 
of one ultimate particle of azote and one 
of oiygen, and those of nitrous oxide of 
two of azote and one of oxygen. The 
quantity of the simple gases, which are 
necessary to constitute these compounds, 
I must own, favours this estimate- How- 
ever, I do not see atiy reason why I should 
relinquish my fornier opinion. 

The specific gravity of oxygen gas is 
ve^y little more than that of azotic, and 
this I attribute to the dimensions of their 
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respective atmospheres of caloric, those 
of the latter gas being more extensive and 
less dense* 

In my opinion, the ultimate particles 
of azote are larger, and of course heavier) 
than those of oxygen* 1 also conceive 
that a measure of oxygen gas contains 
twice the number of ultimate particles, 
that are contained in the same volume of 
azotic gas* 

Indeed, the great number of particles 
of oxygen, which a single particle of azote 
is capable of uniting to and governing, 
for instance, in nitric acid, justifies in a 
great measure this hypothesis* 

According to the philosophy which I 
laid down in my " Comparative View/^ 
and which I have proved to be correct in 
most instances, an ultimate particle of an 
inflammable base is capable of uniting to 
1, 2, 3, 4, or more of the particles of 
oxygen, according to the nature of the 
inflammable substance; while, on the 
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other handy a single particle of oxygen, 
as I mentioned on a former occasion, can- 
not unite to more than one particle of 
any inflammable matter. To suppose the 
contrary, would be reversing that delight- 
ful symmetry, , which nature uniformly 
presents to our view on every occasion* 

Besides, were a particle of oxygen 
capable of uniting to 2 or 3, or more 
particles of inflammable base, there would 
be no end to compounds and monstrous 
compounds, which never occur in che- 
mical investigations. 

The chemical action of the muriatic 
acid on metali^ was explained on the 
atomic principle, and demonstrated by 
diagrams, somewhat like those which I 
have already adduced on the subjects of 
sulphuric and nitrous acids.* When I 
wrote, oxymuriatic acid was supposed by 
the phlogistians to be muriatic acid, de- 
prived of phlogiston or hydrogen. This 
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WAS ftlso the opinion 6f Sclieel*, whd 
firBt discovered tins singular substanctt. 
Benhollet, 1 believe, was the first Wh6 
considered oxy muriatic acid to be a cotU- 
pound of muriatic acid ahd osygert. 
Some of the experiment* and dcmonstra^ 
tions, which I brought forward at thM 
time, appeared very favourable to Ber^ 
thollet's hypothesis^ fts the foUoWittg cx^ 
tract will shew. 

« 

'• When muriatic and nitric *<^idi ar« 
mixed, nitrous gns is producJ^d. This^ 
however^ depends upon proportioti** If 
they are mixed in the proportions of two 

of the nitric to three of the muriatic, pro^ 
vided the acids are strong, nitrous gas is 
evolved, aud the mixture becomes vety 
hoU When it cools^ the nitrous gad ceHHem 
to eome over, and numerous bubbles are 
generated in different parts of the fedd^ 
which are absorbed almost as ^oon as they 
fire forn^d. Tliey sometimes appear at 
the bottom of Hie liquor, and pass op-^ 
ward^ in slender streams, rapidly diminish* 
ing in their progress until they can no 
longer be traced; This phenomenon is 
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attended with a hissing noise, which must 
be occasioned by absorption. 1 endea- 
vpured, but without success, to obtain 
»ome of this gas, 

" Thus we find, that tnuriatic acid wiH 
take oxygen from the nitric with as great 
{facility as from the oxide of manganese, 
and that it acts on this acid in a similar 
manneF as it does on the metals, by with- 
drawing oxygen from it, and not, as the 
pbfogistians imagine, by imparting phlo- 
gis^ten to it* ..,•••• . 

" It is well known that nitrous gas 
wi'tJ not form nitrous acid without the 
addition of oxygen. Yet Pelletier pro- 
duced nitrous acid and muriatic acid, by 
mixing oxymufiatic gas and nitrous gas.* 
This is a convincing proof of the existence 
of oxygen in oxy muriatic acid.-f- , 

' 1 considered muriatic acid at this period 
to consist of an unknown injiammable base 
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dnd oxygen J and that they were united with 
the force of 6. This in considerably greater 
than the force^ with which oxygen was sup- 
posed to be attached to its azotic base in 
nitric, pale, or red nitrous acidsy as has been 
already mentioned. 

*' Stating the comparative forces, with 
which oxygen is retained in those acid$ 
rather than their absolute forces, which 
cannot be ascertained, we shall be the 
more enabled to account for the following 
facts, Pelletier has observed, that nitric 
acid is completely decomposed, when 
added in a small proportion to muriatic 
acid, and that its azote is disengaged in a 
gaseous state, although azote attracts the 
quantity of oxygen necessary to the for- 
mation of nitrous gas with greater force 
than the muriatic acid, 

^* The foregoing fact is only explicable 
on the following principles. When a 
small portion of nitric acid is diffused in 
a large quantity of muriatic, the latter 
exposes surfaces sufficient to separate, 
with one uniform or co-operating influ- 
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ence, the whole of its oxygen from the 
azote.* For the force of 4, on the side 
of the muriatic molecules, is sufficient to 
overcome, if the nitric acid be used, the 
force of St» or, should it be the pale acid, 
the force of 31- Red nitrous acid, in its 
pure state, will not be decomposed ; for it 
retains its oxygen with as great force as 
the muriatic acid attracts it : therefore 
they will form a kind of union without 
decomposition, 

** When a larger quantity of nitric acid 
is mixed with the muriatic acid, nitrous 
gas is produced : for, as a molecule of the 
muriatic can only deprive a single mole* 
cule of nitric acid, at most, but of two 
ultimate particles of oxygen, there are 
not a sufficient • number of the former 
within the reach of the latter to effect ^ 
total decomposition, that is, a separation 
of the whole ot its oxygen from the azote; 
for such a decomposition cannot take 
place^ but by the simultaneous influence, 
at the same instant, of different molecules 

♦ Comp. View, page 210. 
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of muriatic, while the nitric moleeule is 
perfect. Thus it is that nitrous gas >» 
formed, and as it retains its oxygen with 
greater force than nitric acid, it passes off 
through the muriatic acid in its gaseous 
state. Muriatic gas and nitrous gaSy when 
mixed over mercury^ have iw action xchatever 
on each other. 

" It appears to me, that oxynauriatic 
gas retains its oxygen with as great force, 
nearly, as nitrous gas ; for, when these 
gases are perfectly dry, and mixed ovef 
mercury, no decomposition takes place 
untit water is introduced. Hence 1 infer 
that water assists in the decomposition, 
from its attraction to muriatic acid."^* 

While writing these pagesy 1 madb the 
folhwvng experiments. 

Fused muriate of lime vyas introduced 
into a small glass globe, which, when 
exhausted as much as possible, by means 
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oi a good air pump, was filled with oxy*^ 
murialic gas -: it was a second time ex^ 
hausted, and this process was repeated 
three times, which induced five to sup|>o^e 
that the whole of the atwvospheric air was 
pumped out : it was tt>en filled with oxy^ 
muriatic gas. A glass jar was filled with 
ttitrous ga« over quicksilver ; and both 
gases wcje suffered to rest in contact with 
Bauriate of lime for forty-eight hours. 
W^^hen a comnianication was fonned, by 
means of stop cqcks, the two gases ex* 
changed situations with each other in a 
few minutes. The nitrous gas, being the^ 
lighter, ascended at the same time that . 
the oxymuriatic ga« descended, and oecu- 
J3ied its place in the jar. The globe exhi- 
bited a red appearance, which prove^l that 
^itrojus vapour was formed. On standing 
some time, the gases and nitrous va- 
ur mixed with each other, and the 
^urfi^ce of ttie quicksilver was much 
corroded. 

When a portion of the gas in the jar 
"V^as passed into a glass tube, and agitated 
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in contact with quicksilver, until the whole 
of the oxy muriatic gas was condensed, 
water produced no diminution in the resi* 
duary gas, which was found to consist of 
nitrous and azotic gases. As no muriatic 
gas was formed, no interchange of ele* 
mentary principles took place between 
the oxymuriatic gas, the nitrous gas, and 
water. The red colour, produced b}^ the 
nitrous gasi must proceed from some at- 
mospheric air, which remained in the 
receiver, notwithstanding the pains taken 
to get rid of it. 

The result of the foregoing experiment 
induced me to make the following : 

Oxymuriatic gas was quickly passed 
into a glass jajr, half 611ed with dry nitrous 
gas over mercury : no apparent change 
took place : and when water was intro- 
duced, the oxymuriatic gas was condensed, 
and the nitrous gas remained unaltered ; 
for the whole of it was converted into red 
nitrous vapour by oxygen gas. As soon 
uti thi* vapour was absorbed by the water. 
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it acted on the quicksilver, and a slight 
degree of effervescence ensued : this was 
occasioned by the reproduction of nitrous, 
gas, which gradually condensed a small 
residuum of oxygen remaining in the jar; 

This experiment proves that oxymu* 
riatic gais and nitrous gas do not decom* 
pose each other, and that no affinity exists 
between them, and also that red nitrous 
vapour has little or no action on oxyniu- 
riatic acid. 

These facts, together with many othersf 
adduced by Sir Humphry Davy, tend to 
shew, that oxymuriatic gas does not con- 
tain oxygen so loosely comj^ined as has 
been heretofore imagined ; and the proba* 
bility is, that it contains no oxygen. This, 
however, remains to be proved. 

Having repeated experiments, which 
I formerly made, I shall drop the subject 
at present, particularly as it does not im- 
mediately relate to the object of this 
essay. 
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I will pass over different sections^ 
which treat oa the axjdation of metab in 
different ways ; on their reduction again 
to their metallic atate ; and on the solu-« 
hility of metala in acids^ 

Those different processes were strictly 
ao4 impaniaHy enquired into, on the priu^ 
eiples of both antagonist doctrines, at 
this period; and, assisted by the atoimc 
aysJbem, I was able to draw fairev and 
iuster conclusions than I otherwise could|« 

In the section which relates to the 
p^ecipkatio-.! of metals by each other, 
fmoi their solution in acids, the s^tructU'Fe 
of tlio compound molecules of the metaMic 
^It is represented by diagrJHms ; and thfe 
relative forces, with which theip elecaen-^ 
tary particles influence each othep, is ex- 
pressed by numbers. The following ex^ 
tract will give one examplie of thi^ hind, 
which will be sutEicient, 

^^ A neutral solution of sulphate of 
^pper consists of an oxide of copper 
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and sulphurous Acid, chemically Urtited* 

The sulphurous acid is le^s intimately 
attached to the topper than the oxygen. 
Iron will throw down the copper in this 
solution, in its metallic state, by taking 
from it the acid and the whole of its 
oxygen, with one sudden and uniform 
effort. 

" To account for this decomposition, 
it is necessary to have recourse to the 
following illubtration** 

" C in the diagram repi^sents a par* 
tide of copper, O oxygen, which^ we wilt 
suppose, attract each other with the force 
of 2f ; to avoid perplexity/ reciprocal 
attradtion is not considered* Let S, whidh 
represents feulphurouu add, be united tb 
this oxide with the forcfe of 3 j and let us 
suppose 2 of this force to proceed from 
the oxygen attached to the copper, and 
the remainder, which is but 1, to be occa- 
sioned by the intiuence of the copper 
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itself on the sulphur and oxygen of the 
sulphurous acid; therefore let G desig- 
nate the centre of gravity of S, 




" Let us now suppose this to be the 
state of a molecule of sulphate of cop- 
per: h«re the copper attracts S and O 
with only the force of Sj ; and C and O 
conjointly influence S with the force of 3. 
Let us again suppose I, which represents, 
in the diagram^ a particle of iron, to at- 
tract S, or sulphurous acid, with the force 
of 3 ; it cannot take it from C and O, 
which hold it with the force of 3; but it 
so counteracts the attachment of O and 
S to C, as to reduce it to y. Let us sup- 
pose I, from its attraction to oxygen, to 
influence O with the force of 1 more : in 
iUii rase, C will be deprived of O and S ; 
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for the force of 3t must yield to ihe 
power of 4t* 

" Should the iron unite first to the^ 
sulphurous acid, the resulting compound 
would have no action on the oxide ; for 
the sulphite of iron does not take any of 
its oxygen from the oxide of copper, when 
both are mixed. Hence it appears, as 
observed above, that the whole force of 
the iron, in order to throw down the cop- 
per in its metallic state, must be exerted 
at the same instant towards S and O 
conjointly.-f* 
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* Coitip. View, page ?63* 

t A molecule of sulphate of copper cootains as much 
oxygen as that of sulphate of iron ; it is composed of 1 
particle of copper, 1 of sulphur, and 3 of oxygen, attached 
to each other in such a way as to consist of two compounds, 
viz. an oxide and sulphurous acid. 

When potash is introduced into a solution of this sul* 
phate, it takes from it the acid ef solution, with the full 
portion of oxygen necessary to constitute sulphuric acid. 
Therefore a molecule of sulphate of potash consists of the 
oxide of potassium and sulphuric acid, intimate^ united ^ 
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<^ All metallic precipitationia are fef* 
fected on the foregoing principles. Should 
the precipitant be unable to take up the 
whole of the oxygen of the preeij>itated 
metJ^l, it falls down in the state of a setni- 
oxide. Thus lead and silver will precipi^ 
late gold from its solution of a dull, purple 
eolowr> while Copper and iron throw it 
down in its metallic state-' 
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The precipitation of one metal by another 
from it^ solution in an dcid^ in the state df 
an oaidcy wa$^ at this distant period^ tttged 



or of tb^ following proportion of its constituent elements^ 
1 particle of potassilin), 1 of sulphur, atid 5 of oxygen. 
A molecule of sulphite of iron consists of a particle of the 
lyietal, united to an atond 6f sulphut-ou^ acid. Sulphite of 
(lOtasU qoutaitis on^ third less oxygen thsiaiis sult)bate. 

Vlheu the nietalltc Oxides and ^utphUi" dfe mt^^ed, blid 
exposed to sufficient heat, sulphutous atid h fbtteed. Wh^ 
the alkaline or earthy oxides are treated iu the same manner, 
no de<ittWiposition 5s effected ; the sulphut ntihes tb them, 
und f^ftns ^i p.erf(&tt a stiipburet as if fhidre had been lib 
oxyiQien pte^ent : this i^ o\vin§ to the stroog affinity t>f tbe 
nxetfilllc MatJs to theiv oxVgeu. 
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as unfavourable to the anii-fhlogistic doo 
trine^ particularly by Mr. ^irwan in his 
Essay on Phlogiston. The answer, which I 
made on this occasion^ shall terminate this 
essay. 

^^ Mr. Kirways fourdi query is very 
aiuch in favour of the anti^phlogistic 
doQtrine ; for, as i observed on a former 
occasion, tbe preoipttation of on^ metal 
by another, in the state of an oxide, lyith-* 
out the evolution of hydrogen, at the 
^ame time that tlpe precipitant is hejd in 
solution, is a strong proof of the non- 
existence of that principle in metals : be- 
sides, the fact is very explicable by the 
ei^ti-pblogistic theory,*^ 

^^ I have akeady sliewn, upon w4iat 
pi^nciple €he different inflammable bases 
retain their oxygen with less Ibrce, wJbea 
perfectly saturated with k, than whed 
united to smaller proportions ; and I have 
also shewn, in treating on nitrous and 
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nitric acids, that the force of union of their 
base to oxygen is inversely to the quan- 
tity of oxygen, with which it is united. 

'* The same law holds good in all kinds 
of chemical combinations, and is expli* 
cable on the same principles* Almost all 
V)odies, particularly elementary bodies, 
will unite to the different substances, to 
which they have an affinity, in various 
proportions, according to their nature, 
until they arrive at the point of satura-* 
tion, which limits the power of chemical 
attraction. 

" There are some exceptions to this 
law ; for the principles of water will only 
unite in one proportion, so that we never 
have obtained them in an intermediate 
state of combination. I have some 
doubts whether the same observation 
might not be applied to the carbonic 
acid. 

" Metals unite to oxygen in various 
proportions, until they are saturated. If 
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-100 grains of a metal are only capable of 
uniting to 15 grains of 0x3 gen, they will 
attract and retain 5 grains of oxygen with 
greater force than they will 10 grains, 
and 10 grains with greater force than 15 
grains.* 

" Suppose loo grains of tin, when in 
perfect solution in an acid, should be 
united to 15 grains of oxygen with the 
force of 5|, and that iron should attract 
oxygen. with the force of 7» and let us 
suppose this force to be^ reduced to 6, by 
the accession of 7| grains of oxygen, and 
the force of the attraction of the tin to 
the remainder of its oxygen to increase 
by this loss: under these circumstances, 
iron could not precipitate tin in its me- 
^tallic state, although it may have greater 
attraction to the oxygen and acid of so- 
lution than the tin has. Hence it is evi- 
dent, that a metal, in order to throw down 
another in its pure metallic state, must 
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iiot ortlj unite to oxjgen in greater quan- 
tities, and attract it more forcibljr, but 
that this superiority of force must be very 
considerable.** 

Having produced a number of facta, 
taken from the philosophy, which I ad- 
vanced many years before the close of the 
last century, I will now lay before the 
reader a satnpte of Mr. Dalton's ^ New 
System of Philosaphyy* published in the 
eighth year of the present century. I 
have fixed, according to my. judgment, 
on the very best part of his work, so far 
as relates to the atomic doctrine. It will 
be found very nearly the ditto of thp 
principles which 1 established, excepting 
his omission of numbers, which represeirrt 
the relative force of the chemical attrac- 
tion of particles and atoms to each other, 
and which appears to me to be one of the 
most importaat features of my system. 

Here follows Mr, Dal ton's third chap- 
ter, on chemical sfynthesis. 
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**On Chemical SyxTHEsis.* 

^ Whai atty body t^xSst5 in the elastic state, its 
uhltiidt^ panii^tb^ &T& isepftrated from each other to h 
much greater distance than in any other state ; each 
(flUticfe Otei!r{>ite the cewtcr of a tcompafatirely large 
^faiere, attd supports its dignity by keying all the rest, 
%)itth, by their gravity, or cftherwis^ are disposed to 
I^Aefoach \xp6n % IbX & respectful distance. Wb^n we 
atltei^{»t to conceive the ittfonher of particles in an tttmos^ 
plh^i^, h is sotheiA^at like attempting to comceive die 
xxxSSSSc^ dr istars in the imrverse ; we «re ocntibui^ded 
D(4t3i t}i^ thooi^bt. Bnt if we limit tbe sifbjeetj by 
!£3dng -it given volume xli any gas, ^e ^eem persuaded 
tJiat, 1^ the tlivisions be ever iso minute, the rramber of 
paftides must be finite; just ^s in a given ^pace «f the 
uldtetse tht$ msmbeir df 6tars tmd planets caMiot be 

"•^ISiettiital mndysis and ^synthesis go tw &rtliet 
{hah to the separation erf parti^cles one froth tmofter, 
and to their re-union. No new creation or dearttiiettein 
of matter is within the reach of chemical agency. We 
might as^ wdl attempt to ixrtrodnte a new planet into 

• New System of Chemical Philosophy, p. 1211. 
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the solar system, or to annihilate one already in exist* 
ence, as to create or destroy a particle of hydrogen. 
All the changes we can produce, consist in separating 
particles that are in a state of cohesion or combination, 
and joining those that were previoiusly at a distance. 

^^ In all chemical combinations, it has justly been 
considered an important object to ascertain the relative 
^weights of the simples, which constitute a compound* 
But unfortunately the enquiry has terminated here; 
whereas from the relative weights in the mass the rela- 
tive weights of the ultimate particles or atoms of the 
bodies might have been inferred, from which their num- 
ber and weight in various other compounds would ap- 
pear, in order to assist and guide future investigations^ 
and to correct their results. Now it is one great object 
of this work, to shew the importance and advantage of 
ascertaining the relative weights of the ultimate par^ 
ticlesy both of simple and compound bodies^ the number 
of simple elementary particles which constitute one com^- 
pound particle^ and the jiumber of less compound parficles 
wJiich enter into fh^ formation of one more compound 
particle^ 

I 

"^ If there are two bodies, A aijid B, which are 

« 

disposed to combine, the following is the order in which 
the combinations may take place, beginning with the 
most simple ; namely. 
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1 atom of A-}-1 atom of Bs=l atom of C» binary. 

1 atom of A -|-2 atoms of B= 1 atom of D» ternary. 

2 atoms of A+ 1 atom of 6 = 1 atom of £^ ternary. 
1 atom of A-f*3 atoms of B=: 1 atom of F, quaternary* 

3 atoms of A -f- 't atom of B z=: 1 atom of G> quaternary. 

« 

** The following general rules may be adopted as 
guides in all our investigations respecting chemical 
i^ynthesis^ 

1st. When only one comiblnation of two bodies can 
be obtained, it must be presumed to be a binary one, 
unless some cause appear to the contrary. 

2d. When two combinations are observed, they must fi 

be presumed to be a binary and a temdry. fj 

•Sd. When three combinations are obtained, we may 
expect one to be a binary^ and the other two ternary* 

4th. When four combinations are observed, we 
should expect one binary^ two ternary^ and one qua-- 
ternary^ &c. 

5th. A binary compound should always be specifi- 
cally heavier than tiie mere mixture of its two ingre- 
dients. 

6th. A ternary compound should be specifically 
heavier than the mixture of a binary and a simple, 
which would, if combined, constitute it, &c. 

7th. The above rules and observations equally 
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appir, wbea two bodies, mA m C nd TH I> an^ £» 

&C. are combined.* 

^ t^rcnn the appGcatioh of fliese m^ to Qie che- 
mksA fucts iJrtedy well ascertaiiied, we deduct tte fd- 
lowixig conclusioQs ; 1st. That water is a binaiy com- 
pound of hj'drogen and oxygen, and the relatiye w^hts 
of tlie two elementan' atoms are as 1:7, nearly; 2d. 
That anuDonia is a binary compound of hydrogen and 
azote, and the relative weights of the two atomft are 
as 1 * 5, nearly : 3d. Tliat nitrous gas is a binary eoa^ 
pound of azote ami oxygen, the atoms of which weigh 
5 and 7 respectively; that nitric acid is a binary dr 
ternary compound, according as it is derived, and con- 
sists of one atom of azote and two of oxygen^ together 
weighing 19 ; that nitrous oxide is a compound similar 
to nitric acid, and consists of one atom of oxygen and 
two of azote^ we^hing 17; that nitrous acid is a binary 
compound of nitric acid and nitrous gas^ weighing 31 ; 
that oxj-nitric acid is a binary compound of nitfic 
acid and oxygen, weighing 96; 4th. That carbonic 
oxide is a binary compoond, consisting c^unie atom of 
charcoal and one of oxygen, togetlier writing ne&rly 
12; that carbonic acid is a ternary compound^ (but 



* The ternJs, blnart/, ternary, qudternary, &c. were 
intrmluced kni* htiisrt Mr. Daltdo had wnttetl; afid In iLe 
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sometiines bmarj) consisting of aim atom df charcoal, 
and two of oxygen, weigliing 19 ; &c. &c. In all these 
cases the weights are expressed in atoms of hydrogesh^ 
each of which is denoted by unity, 

' "In the sei|tttel the fdcts and experiinetlfcs, froto 
^iclf th^se condUi^iohs arfc derived, will be detailed ; 
as well as a great variety df others from which are in- 
ferred the constitution and weight of the ultitnat^ par- 
titles of the principal dcids^ the alkalies, the e^itths^ the 
metals, the metalilb bxideb and sulphurets, the long 
train of neutral salts^ and iii short all the chemical com- 
pounds which have hitherto obtained a tolerably good 
analysis. S^eral of the conclusions wiU be Supported 
by di-^iiiid §kpeHlriehtii. 

^^ From the novelty as well as impo^rtance of the 
idesA si^ested in this chapter, it is de^ed expedi^fit 
to give plates, fehibiting thie modti df combination in 
some of the nidre simple cas^. A specimen of these 
accompanies^ this first part. The elements or atoms of 
such bodies, as are conceived at present to be simple, are 
denoted by a iniAM circtej t^ith Some distlriclive mark ; 
and the coinbinations consist in the juxta-position of 
two or more of tliese; when three or more particles of 
elastic fluids ar^ combined togetheif in dne^ it is to bo 
sup^HBed thfet the JiiEirtiiclcs of the sAhle kiild Inepel eacii 
other, and tberefore take their stations accordiilgly. 
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EXPLANATION OF THE PLATE. 



^ Thb plate contains tlie arbitrary marks^ or signs 
ffaoscn to represent the several clieiijieal elements, or nllr- 
nate particles. 



Fig, 






Fig^ 




t iIv(lrogeD,ilsrel.weigIit 1 


11 Strontites 


. 46 


2 Azote - - - 


- 


2 


12 Barytes - 


- 68 


5 Carbon, or charcoal 


3 


13 Iron - - . - 


. 3S 


4 Oxygen 


- 


7 


14 Zinc * - 


- 56 


5- Pbosphm'11% 


- 


9 


15 Copper - 


. 56 


d Sulphur 


- 


13 


l6 Lead - • 


- 95 


7 Magnesia - 


- 


20 


17 Silver - . - 


- 100 


8 Lime - - - 


- 


23 


18 Platina - - 


- 100 


9 So<la - . - 


- 


28 


19 Gold 


- 140 


10 Potash - - 


- 


42 


20 Mercury 
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tU An alom of waler,, €^r steaW, composed of 1 of 
oxygen and 1 of hydrogen^ retained in physical 
contact by a strong affinity, and supposed to be 
surrounded by a common atmosphere of heat; 
its relative weight = ......5 

S2. An atom of ammonia, composed of 1 of azote and 

1 of hydrogen ---.--.. g 

23. An atom of nitrous gas, composed of I of azote 

^ and 1 of oxygen - - - - - - -12 

24. An atom of oleiiant gas, composed of 1 of carbon 

and 1 of hycbrogen ---..--g 

25. An atom of ciirbonic oxide^ composed of 1 of car- 

bon and 1 of oxygen - - - - - -13 

26. An atom of nitrous oxide, 2 azote -|- 1 oxygen - 1 7 

27. All atom of nitric acid, 1 azote + 2 oxygen - -19 
23. An atom of carftonic acid, 1 carbon -(* 2 oxygen 1 9 
29' An atom of carburetted hydrogen, 1 carbon -{- 2 

hydrogen -.---.-.- 7 
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The respect which I feel for truth and 
justice^ rather than ambition for fame, 
induced me to undertake this task. The 
grateful acknowledgment of the public 
is all the reward men of science expect ; 
and should they be liable to be stripped 
tS that feather^ through flippaacy bad 
manceuvre, the grand object must be frus- 
trated ; men of true science will quit the 
fiekl in disgust ; and many Will be deter- 
red from entering into it, to the great in- 
jury of the science. 
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APPENDIX- 



Since writing the foregoing pages^ 
an ea^traci, taken from a very ingenious 
essay on the cause of chemical propor* 
tions, written by Berzelius, Professof of 
Cbemtstry at Stockholm, appeared in a 
periodical work, called ^^ Anoals of Pbi^ 
losophy, &c/' (for December, 1813) of 
which Dr. Thomson, it seems, is the 
editor. The celebrated author of this 
6ssay makes the following remarks on tbi$ 
atomic system. 

*^ When we reflect on 

this cause, it is first evident that it must 
be of a mechanical nature ; and what 
presents itself as the most probable idea, 
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most conformable to our experience, is, 
that bodies are composed of atoms or of 
molecules, which combine 1 with 1, 1 
with 2, or 3^ 4, &c. and the laws of che- 
mical proportions seem to result from this 
with such clearness and evidence, that it 
seems very singular that an idea, so sim- 
pie and probable, has not only not been 
adopted, but not even proposed, before 
our own days. 

** As fiir as I know, the English philo- 
sopher, Mr. John Dalton, guided by the 
experiments of Bergman, Richter, Wenzel, 
Berthollet, Proust, and others, was the 
fn-st person who endeavoured to establish 
that hypothesis. 

" Sir Humphry Davy has lately as- 
sured us that Mr. Higgins, in a book» 
published in 1789, established the same 
hypothesis, I have not seen the work 
of Mr. Higgins, and can only notice 
the circumstance on the authority of 
Daw/' 
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Here follows Dr. Thomson's remarics 

» 

on this passage, in a note at the foot of 
the page. 

" The work of Higgins on phlogiston 
is certainly possessed of much merit; and 
anticipated some of the most striking sub- 
sequent discoveries- But when he wrote^ 
metallic oxides were so little known, 
and so few exact analyses existed, that it 
was not possible to be acquainted with 
the grand fact that oxygen, &c. always 
unite in determinate proportions, which 
are multiples of the minimum proportion. 
The atomic theory was taught, by Berg- 
man, Cullen, Black, &c. just as far as it 
was by Higgins. The latter, indeed, states 
some striking facts respecting the gases, 
and anticipated Gay Lussac's theory of 
volumes; but Mr. Dalton first generalized 
the doctrine, and thought of determining 
the weight of atoms of bodies. He 
shewed me his table of symbols, and the 
weight of the atoms of six or eight bodies, 
in 1804; and I believe the same year ex- 
plained the subject in London, in a course 
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this jDfeseiit moment-* And 1 was the 
6rst Uiat established ^* the grand fact^ that 
oxygen^ S^c. always unite in determinate pro-- 
portions^ which are multiples of the minimum 
proportion/' as almost every page of this 
essay, tvhich relates to the subject, will 
prove. 
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The atomic theory was taught by Berg-- 

man, Cutlen, Black, S^d' 

I have read the works of those che- 
mists repeatedly, and I have not met 
with a single page, that relates to the 
atomic theory. Were these phifosopherS 
now in existence, they would shrink from 
the compliment with honest indignation. 

* See the followiug pages in this essay^ viz. 70, Il6-17> 
and 165; and in Comp. View, 259— 3(T. • 

It is true, at the time I wrote^ I thooght the ultimate 
particles of most metals were capable of uniting to three 
pattideg of 6&ygeB. I am now of 6pinion, ftiat there are 
but f#iy dklidct otides 4i thy om infetali and that the mit. 
take of modern writers arises from a mixture of those o:iid«8 
in different proportions. 

If 
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" The latter 9 indeed^ states some striking 
facts resDecting the gascs^ and anticipated 
Gay Lussacs theory oj volumes.'' 

I have also attended to their particles, 
and to the relative weight of the particles 
and atoms of the different gases, as ma^v 
be seen in many pages of this essay. 

" But Mr. T> alt on first generalized the. 
doctrine^ Sfc/' 

.• . 

The doctrine was as extensively applied , 
by pie, and, wliat is still more important, . 
it was founded on well-chosen facts and. 
mathematical demonstrations, which Dal- . 
ton omitted for reasons best, known to 
himself. In a word, it will be found that 
Dalton has not done justice to my doc- 
trine, with all his ingenuity ; and his at- 
tempt to weigh a few atoms, no jnatter 
how, or whether he is correct or not, gives 
him no claim whatever to the system, 
which I established severg^l years before . 
he or Dr. T. were known as chemical 
writers. 
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" The subject could scarcely he broached 



sooner'' 



This and the remaining part of the 
Doctor's note exhibit such self-ev^ident 
misrepresentations, that 1 need not say a 
single word on the subject, but refer the 
reader to the pages of this work. Indeed, 
I did not expect that such prejudice on 
the one side, and partiality on the other, 
should flow from the pen of so respectable, 
a writer as Dr. Thomson. 

The generous age of chemical science 
is no more. In my early days, it was my 
fortune to liVe at the same time, and to 
associate with, many of the venerable 
fathers of pur present system. In that 
auspicious period, the ultimate and ar- 
dently expected object of research was 
truth : not the advancement of an indivi- 
dual's reputation. Philosophers were then 
eager to attribute the merit of discovery 
to its rightful owner, not to appropriate 
it to themselves or others. But now, in 
the vale of life, I am myself obliged to 
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rescue the labours of my youth from the 
claims of those, who have adopted them 
without ceremony, and who have even 
attempted to force them from me by 
means of their combined exertions. Ho\!«^- 
ever, justice will force its way sooher ot 
later against all obstacles and prejudices. 
The subject is rtot, now, confined to the 
decision of a few individuals, but is laid 
before a grand tribunal^ and it re§ts tvith 
them to give a verdict. 



FINIS. 



^M^betfy and Campbfelf^ ^intn^, 
10, Back* Lane, DobHn. 



